;  /^^^j'^rfrt '.«'«■ 


PRACTICE 


BOOK 

I    S 

BRITTLE 

^PLEASE        Handle   with   care 


FRONTISPIECE. 


Designed  to  detect  misplacement  of  samples  during  the 
various  processes  necessary  in  the  routine  assaymg  of  gold  in 
underground  samples. 


THE    DOUBLE     COPPER    STAIN     CHECK 


The  copper 


,s  added  in  the  -Torn  of  measured  w,re  or  foil  at  the 


The  system  13  obviously  of   no  us 
Lining  apprfCiablG  quantities  of  co_ 

The  circles  below  represent  four  bat 

n^ denotes  no  addition  of  copper  to 

"^C^V-denotes  the  addition  of  about 

'^^^)*- denotes  the  addition  of  ab. 


lux  in  the  tins 
ins  of  copper 
mgnis  of  copper. 


After  cupel lation  w^en  the 
correct  order,  the  copper  stai 


<i)  ®  ®  ®  # 
®»®®  ® 
®®®®  ® 
®®®®  ® 
®®®®  ® 
®®®®  ® 


®®  ®® 
®®  ®® 
®®  ®® 
®®  ®® 
®®  ®® 
®®  ®® 


®  ®®®t 
®  ®  ®  ®  t 
®  ®®®  ^ 
®  ®  ®  ®  i) 
®  ®®®^ 
®   ®®® 


The  fact  that  a  large  proportion  of 
routine  work,  is  doe  to  misplacement  in 
the  above  method  of  considerable  value 
means  errors  are  detected  at  a  glance. 
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PREFACE. 


If  apology  be  needed  for  the  publication  of  yet  another 
text-book  of  assaying,  it  is  hoped  that  sufficient  justification 
will  be  found  in  the  need  so  urgently  felt  by  assayers  on  W'it- 
watersrand  gold  mines  for  one  which  would  contain,  within 
reasonable  compass,  reliable  information  and  guidance  regarding 
not  only  their  daily  routine,  but  such  other  determinations  as 
they  are  liable  to  be  called  upon  to  perform. 

This  feeling  found  expression  in  the  appointment  of  a 
committee  of  the  South  African  Association  of  Assayers  to  con- 
sider the  production  of  such  a  book.  The  co-operation  of  the 
South  African  Association  of  Analytical  Chemists — now  the 
South  African  Chemical  Institute — was  invited  and  accepted  by 
the  latter  body,  and  the  present  volume  is  the  outcome  of  the 
collaboration  of  the  joint  committee  formed. 

As  indicated  above,  the  book  is  primarily  intended  for  the 
use  of  Rand  gold  mine  assayers,  and  no  attempt  has  been  made 
to  produce  a  comprehensive  text-book  of  assaying.  Neverthe- 
less, it  is  hoped  that  it  will  not  be  without  interest  to  those  con- 
cerned with  other  mines,  for  some  of  the  problems  met  with  on 
the  Rand  in  connection,  for  example,  with  the  examination  of 
mine  air  and  water  are  receiving  increasing  attention  elsewhere. 

At  the  same  time,  it  is  realized  that  there  is  a  quite  unneces- 
sary variation  in  details  in  the  methods  employed  at  different 
mines  for  carrying  out  a  given  determination,  which  tends  at 
least  to  produce  discrepant  results,  and  it  is  therefore  also 
hoped  that  the  publication  will  give  an  impetus  in  the  direction 
of  standardization  of  methods  of  assay. 

Lastly,  it  will  also  serve  the  purpose  of  conveying  to 
r.ssayers  on  other  gold  fields  authoritative  and  detailed  descrip- 
tions of  methods  which  are  found  satisfactory  on  the  Rand. 
The  book  contains  a  description  of  novel  time-saving  devices, 
and  also  schemes  for  dust  prevention  in  the  routine  assaying  of 
gold  ores. 

No  apology  is  made  for  the  absence  of  a  bibliography,  in 
view  of  the  high  cost  of  printing  and  the  fact  that  this  is  a  text- 
book. 

The  Editors. 


ERRATA. 

Page  vi,  "  Plates  \'  to  XXXII  "  should   read   "  X   to 
XXXVII." 

Page  6i.  line  26,  "p.  250"  should  read  "  ]ip.  250  and 
272." 

Page  175.  [Mate  XIIK  should  read  "  controlling.'' 
Page  242.   line  29,  "  See   Appendix  \T  "   should   read 
"  See  Appendix  V,  Table  5." 

Page  256.    In  each  case  1,000  should  read  i.ooo. 


:^^>f.  MKit^in. 
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INTRODUCTION, 


SOUTH  AFRICAN  ASSOCIATION  OF  ASSAYERS. 


Perhaps  no  branch  of  scientific  service  in  South  Africa  has 
its  vaKie  so  little  understood  and  appreciated,  either  by  investors 
or  the  general  public,  as  the  i)rofession  of  assaying.  Even 
those  whose  responsibilities  would  presume  more  intimate  know- 
ledge of  the  necessity  for  correct  ore-valuation  scarcely  seem 
to  realize  the  fact  that  a  competent  assayer  can  only  be  produced 
by  means  of  combined  technical  education  and  prolonged  skilled 
practice. 

Happily  to-day  there  exists  in  South  Africa  a  Commission 
of  Examiners  appointed  by  the  Government  for  the  purpose 
of  examining  candidates  who  wish  to  obtain  the  Government 
Certificate  of  Competency  in  assaying.  Undoubtedly  this  is 
a  step  in  the  right  direction  towards  the  time  when  all  assayers, 
whether  in  private  practice  or  employed  industrially,  will  be 
compelled  to  hold  this  diploma. 

Up  to  within  comparatively  recent  years  the  so-called  prac- 
tical miner  regarded  the  assayer  with  that  cynical  contempt  that 
every  practical  man  has  for  the  theorist,  and  failed  entirely  to  see 
any  necessity  for  retaining  an  assay  office,  with  its  expensive 
equipment  and  staff,  claiming  that  more  correct  results  could  be 
obtained  by  the  simple,  if  primitive,  method  of  panning. 

The  assayer,  here,  had  also  to  contend  with  the  ingrained 
prejudices  of  the  charlatan  who,  by  some  occult  means  of 
divination,  would  assize  the  value  of  any  given  sample  by  simply 
holding  the  same  in  one  hand,  subjecting  it  to  a  concentrated 
gaze  for  a  few  seconds,  and  then  without  hesitation  making  a 
definite  and  precise  report  on  its  gold  contents. 

In  addition  to  the  foregoing  the  Rand  assayer  at  one  time 
used  to  receive  inspired  forecasts  of  the  values  of  screen,  charge 
and  residue  samples  from  reduction  works  officials,  who, 
curiously  enough,  regarded  results  which  indicated  unsatisfactory 
extraction  as  conclusive  proof  of  the  incapacity  of  the  assayer. 


A  more  critical  comparison  of  actual  gold  recovered,  as 
compared  with  theoretical  extraction  results,  and  a  closer 
scrutiny  of  residue  values,  together  with  improved  metallurgical 
processes,  led  to  a  realization  of  the  importance,  and  indeed  the 
vital  necessity,  to  the  gold-mining  industry  of  being  assured  of 
reliable  and  precise  assay  value  reports,  and  it  was  discovered 
that  the  old  method  of  classifying  the  assayer  together  with  the 
bricklayer,  mason,  plumber  and  painter  required  a  certain 
amount  of  revision. 

The  South  African  Association  of  Assayers  desires  to  render 
tribute  to  those  who,  without  official  recognition,  thanks  or 
reward  of  any  description,  have  assiduously  devoted  their  talents 
and  energies  with  so  much  successful  achievement  to  the  elucida- 
tion of  assay  and  metallurgical  problems  during  the  last  20  or 
30  years. 

The  tardy  recognition  of  his  importance  to  the  gold-mining 
industry  which  has  been  accorded  to  the  assayer  recently  is 
mainly  due  to  the  realization  of  the  debt  due  to  the  pioneer 
assayers  and   chemists  of   South   Africa. 


PLAN     OF    ASSAY    OFFICK. 


PLATE   I. 
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CHAPTER    I. 
THE  ASSAY  OFFICE. 

Plate  I  represents  a  type  of  building  which  Rand  assaying 
experience  has  demonstrated  to  be  most  suitable. 

The  main  consideration  underlying  the  accompanying  ground 
plan  of  an  assay  office  is  the  provision  of  separate  apartments 
for  carrying  out  such  of  the  processes  incidental  to  mine  assay 
work  as  should  be  performed  under  conditions  of  isolation,  for 
reasons  of  accuracy,  prudence  and  health. 

It  will  be  noted  that  in  the  furnace  room  the  place  allotted 
to  the  furnaces  and  stills  is  that  furthest  removed  from  the  office, 
balance  room  and  laboratory,  and  is  also  arranged  so  that  the 
stoke-holes  may  be  outside  the  building. 

This  being  accomplished,  the  other  necessary  equipment, 
such  as  drying  tables,  solution  benches,  slag  and  button  anvils, 
etc.,  may  be  placed  as  desired. 

On  either  side  of  the  furnace  room  and  with  access  to  it 
are  rooms  for  the  reception,  weighing  up  and  "  fluxing  "* 
of  the  prepared  samples  from  (a)  the  reduction  works,  and  (b) 
underground. 

It  is  necessary  to  ensure  that  the  risk  of  contamination  of 
surface  samples,  particularly  residues,  should  be  entirely 
obviated,  and  this  can  only  be  effected  by  eliminating  all  possi- 
bility of  contact  with  the  richer  samples  from  underground. 

In  addition  to  these  rooms  for  surface  and  mine  samples, 
it  will  be  noted  that  provision  is  made  for  rooms  for  storage, 
cupel  making  and  drying,  also  for  flux-mixing  in  bulk. 

These  rooms  are  situated  nearest  to  the  furnaces,  since  it  is 
necessary  that  the  materials  stored  in  them  should  be  kept  per- 
fectly dry. 

Balance  Room,  Laboratory  and  Offices. — These  are  separated 
from  the  fluxing  and  furnace  rooms  by  means  of  a  passage 
which  will  serve  the  purpose  of  excluding  as  far  as  possible  the 


*  See  page  28. 
A 


2 

dust,  fumes    and    heat   generated    in    the    other    portion  of  the 
building. 

Balance  Room. — This  should  have,  in  the  Southern  Herrii- 
sphere,  a  southern  aspect,  light  and  ventilation  being  afforded  by 
means  of  sky-lights  so  placed  as  to  be  south  of  the  balances 
beneath. 

This  room  should  not  be  subject  to  vibration  from  any 
source. 

The  balances  should  be  on  the  north  side  of  this  room,  to 
avoid  the  effect  of  the  vertical  sun  between  November  and  Feb- 
ruary. 

Laboratory. — For  preference  this  should  be  lined  with 
glazed  tiles,  or  built  of  glazed  brick;  if  on  account  of  expense 
this  is  not  possible,  it  should  at  least  be  equipped  with  a  large- 
size  fume  closet,  with  back  and  sides  of  glazed  brick  and  roof 
and  front  of  glass.  A  portion  of  the  laboratory  could  be 
partitioned  off  by  glass  for  water  and  air  analysis. 

Office.— This  should  be  well  lit  and  contain  a  strong  safe. 

Crushing  and  Pulverising  Rooms. — These  should  be  built 
away  from  the  assay  building,  the  one  for  mine  samples  connecting 
by  a  covered  way  with  the  mine  sample  ''  fluxing  "  room,  and 
that  for  surface  samples  in  the  same  manner  with  the  surface 
sample  "  fluxing  "  room. 

Grading  Machines. — These  should  be  situated  in  the  surface 
sample  pulverizing  house. 

Flat  Sheets-  for  Bulky  Sample  Quartering.— These  sheets, 
which  are  mos'tly  used  for  lime  and  coal  samples,  may  form 
part  of  the  floor  of  the  "  surface  pulverizing  room,"  and  a 
similar  sheet  may  be  laid  in  the  mine  crushing  station  for 
quartering  down  bulky  underground  samples. 

The  actual  equipment  of  the  assay  office  and  laboratory 
is  referred  to  later  on  in  this  book. 

The  building  described  herein  may,  of  course,  be  subject  to 
such  modification,  or  enlargement  as  circumstances  may  direct, 
and  would,  with  dimensions  about  80  feet  by  70  feet,  be  suitable 
for  any  mine  requiring  up  to  about  1,000  fusions  per  day. 


CHAPTER   II. 
ASSAY  OFFICE  BALANCES  AND  SCALES. 

A  properly  equipped  assay  office  should  have  five  diflferent 
types  of  balances  or  scales,  and  if  the  final  exact  weighing  of 
the  bars  of  bullion  is  done  in  the  assay  office  a  sixth  is  necessary. 

In  order  of  importance,  or  sensitiveness,  they  are : — 

1.  The  Ass.w  Bal.\nce  sensitive  to  i/200th  of  a  milligram. 

2.  An  Ass.w  Balance  sensitive  to  i/40th  of  a  milligram. 

3.  A  Chemical  Balance  sensitive  to  one  milligram. 

4.  A  Pulp  Balance  sensitive  to  10  milligrams, 

5.  A  Bullion  Balance  sensitive  to  .01  ounce  troy. 

6.  A  Pan  and  Platform  Scale  sensitive  to  2  ounces  av. 

No.  I.  The  Assay  Balance. — The  balance  most  used  on 
the  Rand  is  the  "  Special  Oertling,"  and  that  is  the  example 
chosen  for  description.  The  most  important  part  of  this  instru- 
ment is  the  beam.  It  is  constructed  on  the  most  scientific 
principles,  and  should  never  be  handled  by  an  inexperienced 
person.  Its  principal  parts  are  the  beam  proper;  the  indicators, 
one  at  each  end  of  the  beam ;  the  central  bearings,  one  on  each 
side,  front  and  back,  and  at  right  angles  toi  the  beam,  which 
are  fitted  with  agate  knife  edges ;  the  end  bearings,  which  sup- 
port the  pan  hangers,  and  which  are  also  fitted  with  agate  knife 
edges ;  the  adjusting  vane,  which  is  fastened  to  and  movable 
on  a  fine  threaded  rod  rising  from  the  top  centre  of  the  beam : 
on  this  thread  and  above  the  vane  is  fitted  the  gravity  bob  by 
means  of  which  the  sensitiveness  of  the  balance  is  altered  or 
adjusted. 

The  adjustment  effected  by  the  vane  is  that  of  bringing  the 
beam  into  equilibrium.  It  may  be  stated  here  that  with  this 
very  sensitive  instrument  it  is  a  tedious  process  to  bring  the 
beam  into  equilibrium  by  means  of  the  vane,  hence  it  is  customary 
to  obtain  an  approximate  adjustment  by  the  vane  and  a  final 
and  exact  one  by  placing  a  half-milligram  rider  on  the  left-hand 
side  of  the  beam. 


Both  sides  of  the  beam  are  graduated  or  divided  into  ten 
principal  sections  numbered  from  i  to  lo,  which  are  again 
divided  into  five  sub-sections. 

The  adjustment  of  the  sensitiveness  by  means  of  the  gravity 
bob  is  effected  by  screwing  the  bob  upwards  away  from  the 
centre  of  gravity  to  render  the  balance  more  sensitive,  and  down- 
wards to  decrease  the  sensitiveness  and  incidentally  increase  the 
oscillation  speed.  It  follows  that  if  the  balance  is  rendered 
very  sensitive  its  speed  is  thereby  lowered.  The  object  of  the 
adjuster  should  be  to  obtain  the  closest  precision  compatible 
with  the  greatest  speed ;  rapidity,  however,  must  always  be  a 
minor  consideration  with  the  balance  under  review.  A  well- 
cared-for  and  perfectly  adjusted  "Special  Oertling '"  should 
turn  to  i/200th  of  a  milligram.  There  is  a  limit  of  adjustment; 
should  the  bob  be  raised  too  far  the  balance  is  thrown  entirely 
out  of  gear,  but  recovery  of  equilibrium  immediately  follows 
the  subsequent  lowering  of  the  bob. 

Next  in  order  of  importance  and  delicacy  are  the  pan  and 
hangers  and  their  bearings.  They  hang  from  the  end  bear- 
ings of  the  beam,  each  having  an  inverted  agate  plane  which  rests 
on  the  agate  knife  edges  mentioned  above.  It  will  be  noted  when 
inspecting  the  beam  that  the  end  agates  are  two  in  number  at 
each  end ;  this  is  to  ensure  that  the  agate  planes  of  the  hangers 
shall  rest  on  them  without  pivoting,  which  might  occur  if  the 
knife-edge  agates  were  in  one  unbroken  line;  such  pivoting 
would,  of  course,  at  once  upset  the  equilibrium.  The  portion 
of  the  hanger  carrying  the  agate  plane  is  separate  from  that 
carrying  the  pans,  which  hooks  on  to  the  other,  and  thus  forms 
a  joint  permitting  the  pans  to  swing  without  displacing  the  plane 
and  upsetting  the  adjustment. 

The  pan-hangers,  as  their  name  indicates,  support  the  loose 
pans  which  carry  the  weights  in  the  right-hand  and  the  gold  to 
be  weighed  in  the  left-hand  pan.  The  main  support  of  the  beam 
on  which  the  central  knife-edges  rest  when  the  beam  is  in  action 
are  two  agates  on  each  side  of  the  beam.  These  agates  are  not 
planes,  but  curved  on  the  upper  or  bearing  side ;  thus  this,  the 
main  bearing,  is  composed  of  a  knife  edge  resting  on  a  curve 
at  right  angles  to  it,  and  so  the  whole  weight  of  the  beam  and 
weights  rests  on  two  points,  and  friction  is  reduced  to  a  minimum. 

The  next  portion  of  the  balance  in  order  of  importance  is 


the  system  of  supports  and  the  mechanism  by  means  of  which 
the  beam  is  brought  into  action  for  weighing,  and  supported 
rigidly  with  its  bearings  out  of  contact  when  the  balance  is 
not  working,  while  at  the  same  time  two  tables  rise  from  the  floor 
of  the  case  and  support  the  pans.  There  are  different  systems 
adopted  by  manufacturers,  but  the  best  are  those  in  which  all  the 
movements  arc  performed  by  means  of  a  half-turn  of  a  milled  disc 
which  protrudes  from  the  middle  front  of  the  lower  part  of 
the  balance  case.  Any  balance  should  be  rejected  should  its 
system  of  supports  not  separate  the  points  of  contact  of  the 
agates  when  the  balance  is  at  rest,  and  the  balance  must  never 
be  left  swinging  except  during  the  act  of  weighing. 

The  balance  must  be  enclosed  in  a  dust-proof,  draught-proof 
case  glazed  on  all  four  sides  and  the  top.  When  weighing 
parted  gold  of  more  than  ^  mgm.  flat  weights  are  used,  which 
are  placed  in  the  right-hand  pan  when  the  balance  is  at  rest, 
and  the  glazed  front  raised  for  access  to  the  inside  of  the  case. 
When  flat  weights  to  an  amount  within  ^  mgm.  of  the  weight 
of  the  gold  have  been  placed  in  the  pan  the  front  of  the  case 
is  lowered  and  the  final  exact  reading  made  by  a  Yi  mgm.  weight, 
known  as  a  rider,  which  is  moved  along  the  right  half  of  the 
beam  until  equilibrium  is  reached. 

The  movement  of  the  rider  along  the  beam  with  the  case 
closed  is  effected  by  means  of  a  sliding  rod  and  a  carrier  which 
engages  a  loop  in  the  rider,  enabling  it  to  be  lifted  from  and 
placed  on  any  part  of  the  right  side  of  the  beam.  In  most 
balances  a  similar  mechanism  is  installed  on  the  left  side  of  the 
beam.     (See  also  page   193) 

Inside  the  case  and  slightly  behind  the  beam  are  placed 
two  ivory  scales  Cso-called  verniers).  Each  scale  extends  to  40 
divisions,  both  above  and  below  the  zero  mark,  which  is  in  the 
centre.  The  scales  are  so  placed  that  when  the  beam  is  at 
rest  in  its  supports  the  beam  indicators  both  mark  zero,  and 
when  the  balance  is  in  action  each  swing  after  the  first  or 
second  should  register  an  equal  number  of  divisions  above  and 
below  zero,  if  it  is  in  perfect  equilibrium.  In  front  of  each 
scale  is  placed  a  lens  fixed  in  a  focussing  slot  which  renders  the 
reading  of  the  scale  easier  and  more  precise. 

The  floor  of  the  case  is  made  of  thick  plate  glass, 
and  two  spirit  levels  are  fixed  on  the  brass  stand  plate  at  right 


angles  to  each  other  to  assist  in  adjusting,  and  to  ensure  that 
the  beam  and  its  supports  are  respectively  horizontal  and  per- 
pendicular; this  is  performed  by  three  adjusting  screws  which 
form  the  legs  of  the  balance  case.  Brass  discs  with  a  counter- 
sunk shallow  cavity  in  the  centre  for  these  adjusting  screws  to 
rest  in  should  form  the  bases  of  the  supports,  and  under  these 
discs  should  be  placed  pieces  of  strong  rubber  about  half  an 
inch  thick. 

This  balance  should  never  be  required  to  carry  more  than 
Yz  gram  in  each  pan  at  a  time,  the  slightest  overstrain  of  the 
beam  being  sufficient  to  destroy  its  extreme  precision. 

No.  2.  Assay  Balance. — The  "  i2a  Oertling  "  is  described, 
since  this  is  the  instrument  most  commonly  used  for  the  weigh- 
ing of  mine  sample  beads,  bullion  samples,  etc.,  on  the  Wit- 
watersrand. 

This  balance  is  almost  precisely  similar  in  construction  to 
that  described  above,  except  that  it  is  of  very  much  stronger 
build;  hence  its  sensitiveness,  though  capable  of  adjustment 
within  limits,  should  not  be  made  more  than  i/40th  of  a  mgm. 

The  main  point  of  diflference  between  it  and  the  "  Special 
Oertling "  is  that  the  indicator  is  vertical,  and  swings  like  a 
pendulum  across  a  scale  at  the  base  of  the  supporting  pillars, 
the  divisions  being  so  coarse  as  to  need  no  lens  for  exact  read- 
ing. This  balance  should  not  be  required  to  carry  more  than 
I  gram  in  each  pan. 

It  is  much  more  rapid  in  its  action  than  No.  i. 

No.  3.  Chemical  Balance. — These  balances  are  so  varied 
in  design  and  cost  that  it  is  difficult  to  lay  down  any  rule  by 
which  their  suitability  may  be  gauged.  Ease  of  access  to 
the  pans,  size  of  the  pans — the  larger  the  better  within  limits 
of  sensitiveness,  which  should  not  be  less  than  i  mgm. — are 
amongst  the  principal  requirements.  This  balance  must,  of 
course,  like  the  other  two,  be  enclosed  in  a  dust  and  draught- 
proof  glazed  case. 

Its  chief  use  is  for  weighing  reagents  for  standard  solutions, 
for  quantitative  gravimetric  weighings,  and  for  any  close  weigh- 
ings too  heavy  for  the  two  former  balances. 

No.  4.  Pulp  Balances. — At  least  two  of  these  should  be 
found  in  every  assay  office.     They  are  used  for  weighing  mine 


and  surface  samples  for  assay.  Their  hearings  are  made  of 
hardened  steel,  and  their  beams  are  of  solid  brass.  They  have 
a  mechanism  for  throwing  them  in  and  out  of  action.  That 
used  for  mine  samples  should  have  brass  pans  not  less  than 
4  inches  in  diameter,  and  that  for  surface  samples  not  less  than 
6  inches.  Their  sensitiveness  is  preserved  by  attention  to  clean- 
liness, and  they  are  fitted  with  adjusting  weights  running  on  a 
screwed  arm.  one  on  each  end  of  the  beam.  They  also  have 
adjustable  screw  standards  which  permit  of  an  approximate 
levelling:  they  should  indicate  a  difference  of  lo  mgm. 

No.  5.  Bullion  Balance. — A  very  strongly  built  balance 
with  a  beam  preferably  of  the  strutted  or  cantilever  type.  The 
bearings  are  of  hardened  steel,  agate  being  too  brittle  for  the 
strains  this  machine  is  called  upon  to  bear,  and  thus  it  is  important 
that  this  balance  should  be  set  up  in  a  position  far  removed  from 
acid  fumes,  while  it  ought  to  have  a  wooden  glazed  case  with  doors 
to  give  access  to  each  side  of  the  balance.  It  must  have  an 
adjusting  vane  and  a  gravity  bob  on  the  same  principle  as  those 
of  Nos.  I  and  2,  and  should  be  of  such  strength  as  to  safely 
support  a  weight  of  2,000  ounces  in  each  pan  and  still  be  sensi- 
tive to  .01  ounce  troy.  It  is  fitted  with  the  usual  mechanism 
for  throwing  the  beam  into  action  and  supporting  it  when  at 
rest. 

No.  6.  Pan  and  Platform  Scale. — This  needs  no  special 
description,  being  of  the  usual  mercantile  type  and  capacity, 
and  is  used  for  weighing  oft'  the  ingredients  of  flux  in  bulk, 
also  for  checking  stores  on  arrival. 

Care  of  Balances. — The  Special  Oertling  and  the  i2A  should 
be  carefully  cleaned  monthly  part  by  part,  using  silk  and  chamois 
for  wiping,  which  must  be  done  as  gently  as  possible.  If 
available  a  scientific  instrument  mechanic  should  be  employed 
to  do  this  work  under  contract. 

During  reassembling,  the  beam  itself  should  be  in  equilibrium  ; 
then  when  the  hangers  are  in  place  the  equilibrium  should  be 
unaffected ;  and  finally,  when  the  pans  are  replaced,  the  deviation 
should  be  so  slight  that  a  half-mgm.  placed  on  the  left-hand 
side  of  the  beam,  a  point  or  two  from  the  centre,  should  estab- 
lish exact  adjustment. 

If  the  pans  are  not  of  equal  weight,    they    may    be    very 
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gently  scraped  on  the  edge  with  a  sharp  knife  until  they  are 
correct. 

The  beams  must  never  be  scraped  or  subjected  to  the  least 
shock  or  strain,  and  during  dismantling  or  reassembling,  must 
be  held  with  perfectly  dry  and  cool  fingers. 

The  indicator  of  the  i2a  Oertling  is  of  poHshed  steel,  and 
if  this  gets  rusty  it  must  be  genily  wiped  with  a  dry  chamois 
leather,  but  no  attempt  to  repolish  it  must  be  made,  since  its 
weight  would  be  sensibly  altered  and  the  position  of  the  centre 
of  gravity  changed  to  the  detriment  of  the  efficiency  of  the 
balance. 

All  balances  should  be  kept  in  as  dry  an  atmosphere  and 
with  as  little  variation  of  temperature  as  possible. 

Nos.  I,  2,  and  3,  being  enclosed  in  glass  cases,  should  each 
have  a  small  desiccator,  of  which  several  patterns  are  pro- 
curable, placed  inside  the  case,  containing  strong  sulphuric 
acid  or  fresh  calcium  chloride ;  the  former  is  the  more  efficient 
drier,  the  latter  the  less  damaging  in  case  of  an  accident. 

All  balances  should  be  kept  far  from  possible  contact  with 
acid  fumes.  All  weights  should  be  handled  with  forceps,  or, 
in  the  case  of  the  heavier  ones,  with  dry  clean  cloths,  and  the 
pans  of  the  delicate  instruments  brushed  before  and  after  use 
with  a  small  sable  paint-brush. 

Weights  should  never  be  added  to  or  removed  from  the 
pans  or  shifted  or,  the  beams  unless  the  scale  is  at  rest  and  the 
pans  supported. 

It  is  better  to  use  no  oil  inside  the  balance  case ;  howevei*, 
if  it  is  found  necessary  on  the  rider  carrying  gear,  use  only  a 
small  quantity  of  the  best  watchmakers'  oil. 

Types  of  Weights. — The  special  weights  for  use  with  a 
Special  Oertling  assay  balance,  or  any  other  make  of  equal 
sensitiveness,  are  known  as  "  gold  weights." 

The  most  reliable  are  supplied  by  the  firms  of  Oertling 
and  Becker,  and  at  least  one  set  of  these  weights  will  be  found 
in  every  Rand  assay  office. 

Those  of  Oertling  are  supplied  in  a  composition  box 
resembling  ivory,  the  top  of  which  screws  on,  and  which  con- 
tains weights  marked  as  follows  : — ■ 


Number 

(Quantity). 

Mark. 

li' eight. 

Description. 

I, OCX) 

0.5  grm. 

Flat, 

gilded. 

500 

.25    „ 

do. 

do. 

200 

100  mgni. 

do. 

do. 

100 

50     do.    each 

do. 

do. 

50 

25     do. 

do. 

platinum. t 

20 

10     do. 

do. 

do. 

2 

10 

5.0     do.    each 

do. 

do. 

5 

2.5     do. 

do. 

I* 

2 

i.o     do. 

do. 

do. 

2 

I 

.5     do.    each 

do. 

do. 

All  the  above  are  for  use  in  the  pan,  and  each  has  one 
corner  turned  up  for  convenience  of  handling  with  forceps. 

Besides  these  flat  weights,  there  are  twisted  wire  weights  for 
use  along  the  beam,  which  are  known  as  riders.  They  are  of 
three  different  weights,  the  heaviest  being  of  gold  weighing  5 
mgm.,  the  next  silver  or  aluminium  weighing  i  mgm.,  and  the 
last  weighing  5^  mgm.  Sometimes  a  fourth  weighing  34  mgm. 
is  used,  but  so  light  a  weight  is  unnecessary.  A  ^"^  mgm.  rider 
placed  at  mark  5  on  the  beam  (half-way  out)  is  equivalent  to 
1/4  mgm.  in  the  pan,  and  so  on  proportionately  to  its  position  on 
the  beam. 

Becker's  weights  are  supplied  in  an  ebony  box,  and  are  all 
of  platinum  or  aluminium,  having  the  same  marks  and  values 
as  those  of   Oertling. 

When  it  is  remembered  that,  taking  one  assay-ton  for  assay, 
the  I  mgm.  weight  in  the  pan  represents  the  value  of  20  dwts.,  it 
is  a  simple  matter  to  calculate  the  value  of  any  of  the  above 
weights  in  gold  per  ton.  Thus  Mark  5  from  above  table  is  50 
dwts.  on  I  A.T. 

If  possible,  new  sets  of  weights  should  always  be  tested  by 
comparison  with  an  established  standard  set  if  one  is  available, 
and  if  found  incorrect,  should  be  discarded.  The  use  of  a  factor 
to  correct  the  reading  of  incorrect  weights  is  out  of  the 
question  in  routine  assaying. 

None  of  the  above  weights  should  ever  be  handled  except 
with  ivory-tipped   forceps ;  steel   forceps  scratch  them. 

*  Sometimes  two.  t  Sometimes  gilded. 
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The  weights  for  use  with  Balance  No.  2  are  the  same  as 
those  above  described  with  a  i  gram  weight  added,  while  the 
y2  mgm.  rider  is  not  necessary. 

With  the  chemical  balance  a  set  of  gram  weights  from  100 
grams  to  a  10  mgm.  rider  is  used.  (See  also  Plate  XXIII.) 
The  chemical  balance  should  be  provided  with  an  exactly 
balanced  pair  of  watchglasses  as  large  as  the  pans  can  carry. 

Special  bullion  weights  are  used  on  the  Bullion  Scale,  which 
range  through  the  usual  gradations  from  500  troy  ounces  to  .01 
of  an  ounce.  In  accordance  with  a  recognized  agreement,  bars 
of  gold  are  never  cast  on  the  Witwatersrand  Mines  of  a  weight 
exceeding   1,000   ounces. 

The  weights  usually  supplied  wnth  platform  scales  are  all 
that  are  required  for  the  pan  and  platform  scale  No.  6. 

Note. — An  assay  ton  (A.T.)  is  29.166  gram. 
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CHAPTER  III. 

THEORY  OF  THE  ASSAY  FUSION  AND  ITS  APPLICATION  TO 
THE  RAND  ORE. 

An  assay  fusion  consists  in  heating  a  mixture  of  the  finely 
pulverised  ore  with  about  three  parts  of  flux  until  the  product 
is  fluid.  One  of  the  ingredients  of  the  flux  is  litharge  (lead 
oxide),  which  becomes  reduced  to  minute  globules  of  metallic 
lead  by  the  other  constituents  of  the  *'  fusion."  These  globules 
as  they  are  generated  all  through  the  mass,  stick  to  the  particles 
of  gold  in  the  ore,  and  when  the  temperature  becomes  high 
enough  to  make  the  whole  fusion  fluid,  the  globules  fall  through 
the  mass  and  coalesce  into  a  button  at  the  bottom  of  the  crucible, 
leaving  above  a  clear  melted  glass  known  as  slag.  Thus  the 
whole  of  the  gold  is  collected  in  the  button  by  this  "  rain  "  of 
metallic  lead.     (See  page  28  for  the  practical  side  of  the  subject.) 

The  object  of  the  fusion  is  to  convert  the  silica  of  the  ore 
by  means  of  fluxes  into  a  slag  which  shall  be  so  fluid  while 
hot  that  the  reduced  lead  globules  simultaneously  formed  shall 
be  certain  to  fall  to  the  bottom  of  the  mass.  The  amount  of 
soda  used  must  in  practice  be  at  least  sufficient  to  produce 
NajSiOg  from  the  silica  present,  and  in  addition  another  low- 
melting  compound  should  be  present  (but  is  not  absolutely  essen- 
tial), which  in  practice  is  either  sodium  metaborate,  NaBOj  (from 
borax  and  soda),  or  sodium  fluoride,  NaF  (from  fluorspar  and 
soda).  The  mixture  of  silicates  and  metaborates  then  melts 
much  more  easily  than  silicate  or  metaborate  taken  separately, 
which  results  in  a  very  fluid  slag. 

As  regards  the  production  of  the  metallic  lead,  this  can  be 
reduced  from  litharge  by  pyrites  alone  if  this  is  present  in 
sufficient  quantity :  the  equation 

FeS^  -f  7PbO  -f  2Na2C03  =  FeO  +  7Pb  +  2Na,SO,  +  2CO2, 
which  represents  the  action  when  carbon  is  not  used  as  reducer, 
requires  litharge  equal  to  13  times  the  pyrites.  Hence  if  30 
grams  litharge  is  to  be  used  and  fully  reduced,  the  corresponding 
amount  of  pyrites  is  2.31  grams,  which  on  i  A.T.  of  ore  equals 
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about  8  per  cent.  Carbon  must  therefore  be  used  if  the  pyrites 
in  the  ore  is  much  less  than  8  per  cent.,  whilst  if  the  pyrites 
is  much  over  8  per  cent,  no  carbon  should  be  used,  and  an 
oxidant  along  Avith  an  iron  nail  becomes  necessary. 

The  alumina  in  the  ore  appears  in  the  slag  as  an  alumino- 
silicate  of  the  type  Na^O  .  Al.Og  .  2Si02  =  2(NaAlSi04), 
i.e.,  a  compound  in  which  alumina  functions  as  base.  Sodium 
aluminate  is  probably  not  formed  unless  the  quantity  of  soda 
used  is  most  excessive.  All  the  other  bases  of  the  ore — lime, 
magnesia,  ferrous  oxide,  etc. — form  (meta)  silicates  of  the  type 
RSiOg,  which  have  the  effect  of  preventing  the  mass  of  the 
blag  (which,  as  shown  above,  is  sodium  metaborosilicate,  or 
silicate  if  borax  has  not  been  used)  from  crystallizing  on  cooling, 
the  final  slag  thus  being  a  complex  glass,  in  which  all  the  bases 
are  present  both  as  borates  and  as  silicates. 

Application  to  Rand  Ore. — Assume  that  i  A.T.  ore  is  fused 
with  52  grams  anhydrous  sodium  carbonate  (equal  to  about  54 
grams  of  the  commercial  article,  which  is  usually  slightly 
hydrated)  along  with  17  grams  of  borax  and  29  grams  litharge, 
making  100  grams  flux  (98  neglecting  the  water  in  the  assay 
soda). 

The  following  is  known  to  be  contained  in  the  i  A.T.  of 
ore,  assuming  it  to  contain  3;  per  cent,  pyrites,  and  to  be  an 
average  of  the  whole  Reef.* 

SiOa 25.60  grams. 

AI2O3 1.48  „ 

FeSa 0.87  „ 

MgO      0.38  „ 

K,0 0.23  „ 

FeO 0.18  „ 

Water  of  constitution 0.18  „        (in  sericite) 

TiO^ 0.14  „ 

CaO 0.04 

ZrOo,  Cr^Og,  NiO,  CoO,  etc.  0.07  „       together 

Total        29.17  grams   (i  A.T.). 

These  materials  then  are  to  be  equated  to  52  grams  NagCO.^, 
with    17   grams   borax,   29  grams   litharge,    and   the   theoretical 

*  Report  of  Miners'   Phthisis   Prevention  Committee,  igiQ. 
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quantity  of  carbon  rc{|uircd  to  reduce  all  the  litharge,  allowing 
for  the  effect  of  the  pyrites,  viz..  0.47  gram  carbon. 

To  produce 
Na^SiOa+NaAlSiO.+FeSiOa+MgSiOa+K^SiOa+CaSiOa. 

the  amount  of  soda  required  can  be  calculated  from  the  silica 
in  the  usual  way,  e.g.,  using  106/72  for  NaXO^/FeO.  SiOa  is 
taken  for  this  calculation  to  be  25.72  grams,  i.e.,  the  real  silica  plus 
the  corrections  for  counting  titania  and  zirconia  as  silica.  Since 
605^  SiOa  require  106  NaoCOj,  25.72  grams  SiOo  require  45.1 
grams  NaoCOg.  To  this  is  to  be  added  212/120  X  -87  for  the 
Na-^COa  required  by  pyrites  =1.55  gram  (see  equation  on  pre- 
vious page).     Total  =  46.65  NajCOg. 

The  basic  ingredients  calculated  as  NagCOs  are:  .26  (for 
KoO)  +  1.03  (for  both  FeO,  free  and  as  pyrites)  -\-  i.oo  (for 
MgO)+o.i  (for  CaO,  CoO,  NiO)  +  1.56  (for  Al^Og + 
Cr^Os),  giving,  when  added  to  the  52  NaoCOa,  a  total  of  55.95 
grams ;  thus  the  whole  of  the  bases  and  the  whole  of  the  acids 
(except  the  borax)  are  accounted  for,  leaving  55.95  minus  46.65, 
or  9.3  grams  of  Na^CO.,  over  to  combine  with  the  17  grams  of 

106 

borax.     The  theoretical  quantity  of  soda  required  is  17  X = 

202 
8.9  grams. 

There  is  thus  an  almost  exact  match  amongst  the 
ingredients,  since  there  is  now  nothing  over  except  0.4  gram  of 
sodium  carbonate,  which  will  really  appear  as  Na4Si04  instead 
of  NajSiOg. 

The  net  result  of  the  fusion  is : — 

207 
(a)  29  X =  26.9  grams  metallic  lead. 

223 

(6)  Total  FeO  =  0.52  from  pyrites  plus  0.18  =  0.70=1.3 
grams  FeSiOg. 

lOI 

(c)   MgO  X (for      MgSiOa/MgO)  =0.95      grams 

403^ 
MgSiOa. 


id) 
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285 /Na^AlaSisOs  \ 

Al.Os   (+  Cr^Og)  :  1.50  grams  X 1  j 

102  \      AI2O3         / 

=  4.2  grams  NaAlSiOi. 
{e)   Sum  of    K^SiOa,    CaSiOs,    NiSiOg,    etc.  =  0.5    gram 

(small  ingredients). 
(/)   Residual  Na.SiOg    (including  Na^TiOa  and  Na.ZrOs) 

=  45.7  grams  NagSiOg. 
ig)   Residual    NaBO^     (Na.B^O,  +  Na^COg  =  4NaB03 + 

CO2)  =22.2  grams  NaBOa- 
142        64 

{h)   Residual     Na2S04  = X X  0.87  =  2.05     grams 

32        120 

Na2S04. 

(j)   Residual  NajCOa   (calculated  as  NagO  in  Na4Si04)  == 
0.25  gram. 

The  CO2  evolved  is  44/106  X  52  from  the  soda,  and  44/12 
X  0.47  from  the  carbon  and  litharge,  a  total  of  23  grams  (about 
15  litres  under  Rand  conditions).  The  total  put  in  is  127^^ 
grams  (neglecting  2  grams  water  in  assay  soda),  and  the  sum 
of  the  products  is  the  same. 

It  is  to  be  noted  that  this  theoretical  fusion  will  give  the 
same  balancing  of  the  ingredients  if  the  borax  is  assumed  com- 
bined with  the  iron,  magnesia,  and  alumina  instead  of  with  soda ; 
i.e.,  instead  of  aluminium  silicate  and  sodium  metaborate  we 
can  have  aluminium  borate  and  sodium  silicate.  These  alterna- 
tive mixtures  are  "  borosilicates." 

The  above  is,  of  course,  purely  theoretical.  It  assumes  a 
temperature  control  which  is  difficult  to  obtain  in  practice.  In 
commercial  assaying  on  the  Rand  the  composition  of  the  flux 
is,  unfortunately,  partly  dependent  upon  the  local  furnace  con- 
ditions. Hence  it  is  important  that  the  furnaces  shall  be  built 
to  a  standard  pattern  which  will  ensure  that  the  requisite 
temperature  is  easily  obtainable  at  any  time. 

Fluxes  and  their  Practical  Application. 

Every  assayer  should  thoroughly  understand  the  principles 
governing  the  accomplishment  of  a  satisfactory  ore   fusion. 
Fluxes  are  divided  into  two  classes : 
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Basic  Flux.  Acid  ilux. 

Exsiccated  Soda  (Na^COj).        Borax  (Na,B«0,). 
Litharge  (PhO).  Silica   (Si(X). 

Red  Lead  (Pb^OJ. 
Haematite  (FejOg). 
(Fluorspar)    (CaF,). 

A  basic  ore  re(|uires  an  acid  flux,  an  acid  ore  requires  a 
basic  flux. 

Sodium  carbonate  (exsiccated  or  anhydrous)  fuses  most 
readily,  its  chief  function  being  the  formation  of  sodium  meta- 
silicate  during  fusion  with  the  quartz. 

Na^COa  -f  SiO^  =  Na^SiOa  +  CO^. 

The  silicate  of  soda  is  readily  fusible  and  makes  a  clear  slag. 

I  part  of  silica  requires  1.75  parts  of  sodium  carbonate. 

Litharge  fPbO)  and  Red  Lead  (PbgO^)  serve  several  pur- 
poses, for  beside  forming  very  readily  fusible  silicates,  both  basic 
and  double,  molten  lead  oxide  readily  dissolves  most  metallic 
oxides,  even  those  difficultly  amenable  to  ordinary  treatment; 
the  slags  formed  are  strongly  basic  and  attack  crucible  or 
scorifier.  For  this  reason  care  should  be  exercised,  when 
using  the  oxides  of  lead  for  fluxing  purposes,  that  enough  quartz 
or  silica  is  present  in  the  charge  to  counteract  this  strongly 
basic  influence.  As  is  shown  in  the  theoretical  part,  this  fluxing 
use  of  litharge  is  unnecessary  unless  the  furnace  is  inefficient. 

Where,  in  addition  to  its  use  in  giving  a  lead  button,  litharge 
is  used  as  a  solvent  or  flux,  the  fusion  should  be  carried  out  at 
a  preliminary  moderate  temperature ;  too  high  an  initial  tem- 
perature will  cause  the  molten  litharge  to  run  through  the  charge 
without  performing  its  work  on  the  quartz  particles. 

Red  lead,  where  an  oxidiser  is  required,  is  preferable  to 
litharge  owing  to  its  greater  oxygen  contents.  As  soon  as  red 
lead  is  melted  it  splits  up  into  oxygen  and  litharge. 

2Pb30,  =--  6PbO  +  O2. 

As  stated  before,  litharge  forms  with  silica  a  very  fusibl^ 
silicate,  and  also  forms  double  silicates. 

PbO  +  SiO^  =  PbSiOj. 

From  the  equation  i  part  of  silica  requires  3.7  parts  of 
litharge. 
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Ferric  Oxide. — Is  infusible  until  reduced  to  the  ferrous  state 
by  means  of  charcoal;  in  this  condition  it  readily  fuses  with 
silica,  forming  ferrous  silicate. 

2Fe,03  +  C  =  4FeO  +  CO^. 
2FeO  +  SiOo  =  Fe^SiO^. 

In  its  ferrous  state  oxide  of  iron  is  readily  taken  up  by 
the  mixture  of  borax  and  soda. 

From  the  foregoing  it  will  be  seen  that  with  heavily  pyritic 
ores,  which  require  roasting,  the  roasted  product  will  require 
addition  of  charcoal  and  silica  to  give  a  satisfactory  fusion  of 
the  ferric  oxide  produced. 

Borax. — Borax  is  an  acid  flux  used  to  dissolve  metallic 
oxides.  It  is  also  employed  on  account  of  its  effect  in  rendering 
the  slag  more  fluid.  It  forms  borosilicates  with  SiO,,  in  which 
capacity  it  is  sometimes  classed  as  a  neutral  flux. 

Silica. — Is  mainly  used  in  ores  where  the  metallic  oxides 
predominate,  or  for  strongly  basic  ores.  It  unites  with  these, 
forming  silicates. 

Fluorspar. — Beyond  h(eing  suitable  for  refractory  phos- 
phates, silicates  of  alumina  (e.g.,  slime),  and  certain  infusible 
earths,  fluorspar  does  not  appear  to  be  a  very  active  fluxing 
agent,  but  to  some  extent  it  increases  the  fluidity  of  the  slag; 
chemically,  it  is  a  neutral  flux,  and  is  thus  bracketted  in  the  table 
on  the  preceding  page. 

For  fluxing  purposes  i  part  sodium  carbonate  is  the 
equivalent  of  2  parts  litharge,  or  2  parts  borax,  and  where  it  is 
desired  to  replace  one  agent  for  another,  it  should  be  effected 
in  these  proportions. 

Testing  of  Fluxes. — Although  most  of  the  litharge  and  red 
lead  supplied  is  bought  under  a  certificate  of  purity  in  regard  to 
gold  and  silver,  the  assayer  should  satisfy  himself  on  this  point 
by  making  occasional  tests. 

For  this  purpose  the  following  charge  will  produce  a  button 
of  lead  weighing  about  30  grams : — 

Litharge 90  grams. 

Charcoal i  •  3  ., 

Silica 10       „ 

Sodium  Carb 25       „ 
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Cupel  the  resultant  lead  button,  carefully  avoiding  too  high 
a  temperature;  weigh  the  head  obtained,  flatten  and  dissolve  in 
nitric  acid  to  test  for  the  presence  of  gold,  which  remains  undis- 
solved. 

Roth  lead  foil  and  granulated  lead  should  be  examined  in  a 
similar  manner  by  scorifying,  say.  3  assay  tons  down  to  about 
30  grams  and  cupelling. 

Although  other  fluxing  materials  seldom  if  ever  contain  gold 
and  silver,  there  is  always  the  possibility  of  contamination  from 
outside  sources,  and  it  is  a  wise  precaution  to  run  "  blank " 
fusions  periodically  so  as  to  obviate  any  possible  chance  of  error 
from  this  source. 

These  tests  should  be  made  on  each  freshly  made  up  "  bulk  " 
fluxing  material.      (See  page   179.) 
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CHAPTER   IV. 

PREPARATION   AND   ASSAY  OP   GOLD    MINE   SAMPLES 
(UNDERGROUND). 

These  are  brought  in  canvas  bags  to  the  crusher  house,  with 
descriptive  tickets,  and  there  transferred  to  tin  dishes,  care  being 
taken  that  each  bag  is  thoroughly  cleaned  before  leaving  the 
building,  so  that  a  fresh  sample,  for  which  the  bag  will  be  used 
*ater,  may  not  be  contaminated. 

Occasionally  there  may  be  some  moisture  with  the  ore  which 
will  require  to  be  driven  off  before  proceeding  with  the  grinding; 
as  the  percentage  of  moisture  is  generally  low,  it  will  be  sufficient 
to  place  the  dish  containing  the  sample  on  a  drying  plate  for  a 
few  minutes.  It  often  happens  that  a  batch  of  samples  is  taken 
from  a  wet  place  in  the  mine,  and  such  a  batch,  being  too  large 
for  the  ordinary  drying  plate,  may  be  sun-dried,  precautions  being 
.  taken  to  avoid  loss  of  tickets. 

The  whole  of  eacn  sample  is  put  through  the  preliminary 
crusher,  which  should  break  it  up  sufficiently  small  for  quartering 
down.  It  will  be  found,  however,  that  with  most  preliminary 
crushers  it  is  not  possible  to  crush  the  ore  sufficiently  fine  for 
accurate  quartering,  and  an  intermediate  crusher  is  usually 
installed.  It  may  be  taken  as  an  axiom  that  the  smaller  th^ 
ore  is  broken  before  quartering,  the  more  correct  the  samplings, 
will  be :  therefore  the  sample  should  be  reduced  to  }^  inch. 

The  sample,  which  is  now  ready  for  quartering,  is  placed  on 
a  rubber  sheet,  turned  over  several  times  until  well  mixed,  spread 
out  and  marked  off  with  a  spatula  or  trowel  into  four  quarters, 
two  of  these  quarters,  which  are  diagonally  opposite  each  other, 
being  discarded,  thus  reducing  the  sample  to  half.  The  remainder 
is  mixed,  and  the  procedure  of  quartering  and  mixing  is  con- 
tinued until  about  400  grams  are  left  for  assaying  and  checking. 
This  is  again  divided  into  two  parts,  one  being  bagged  and 
retained  as  a  duplicate  for  check  purposes,  and  the  other  pul- 
verized to  a  fineness  of  — 60*  and  sent  to  the  assay  office  for 

*  i.e.,  to  pass  a  sieve  having  60  holes  per  linear  inch. 
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treatment.  This  work  is  considerably  expedited  by  the  use  of 
the  mixing  and  dividing  scoops  (see  Plate  XXX VII.  Chapter  14). 

On  most  large  mines  where  a  considerable  number  of 
samples  is  dealt  with  daily  the  preparation  of  mine  samples  is 
usually  in  the  care  of  a  special  crusher  house  attendant,  whose 
duty  it  is  to  perform  or  superintend  all  operations  previously 
described,  and  who  keeps  a  duplicate  of  each  sample  sent  to 
the  assay  office. 

It  is  not  necessary  to  pass  these  duplicates  through  the  fine 
grinder  except  when  they  are  demanded  for  reference  purposes. 
Undue  wear  and  tear  on  the  fine  grinder  is  thus  avoided. 

Plate  II  shows  the  ground  plan  of  a  typical  Rand  sample 
crushing  plant  designed  for  the  treatment  of  about  200  mine 
samples  daily. 

PLATE   II. 


Contamination  through  imperfect  cleansing  should  be 
guarded  against  by  brushing  the  faces  and  chutes;  any  remaining 
dust  may  be  removed  by  blowing  out  with  compressed  air  before 
another  sample  is  treated. 

There  is  a  proportion  of  the  dust  generated  during  crushing 
VIZ..  that  mvisible  to  the  naked  eye,  which  is  injurious  to  the  lungs 
and  should  be  prevented  from  escaping  if  possible.  Plate  III 
ihows  various  schemes  for  ensuring  this  trapping  whilst  inter- 
fenng  as  little  as  practicable  with  the  accuracy  and  rapidity  of 
the  work. 

Plate  III,  Fig.  I,  shows  in  the  foreground  a  wooden  dust 
box  over  a  <' Gates  F  crusher."  This  box  has  gla.ss  sliding 
wmdows,  a  removable  top,  and  an  automatically  revolving  com- 
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pressed  air  pipe.  There  is  also  an  exhaust  tube  at  the  back 
which  is  connected  with  a  "  Sirocco  "  fan.  In  the  background 
is  a  similar  box  for  a  "  Gates  B  grinder."  This  machine  may 
be  used  conveniently  as  an  intermediate  breaker  which  crushes 
the  product  from  the  "  F "  crusher  to  a  size  suitable  for 
quartering. 

Fig.  2  shows  a  nearer  view  of  the  "  B  ''  grinder  as  seen 
from  the  front,  the  sliding  door  being  removed.  An  automatic 
blower  similar  to  that  of  Fig.  i  is  here  shown  enlarged :  immedi- 
ately behind  the  blower  is  an  elongated  adjuster  which  enables 
the  operator  to  regulate  the  degree  of  fineness  of  crushing  with- 
out having  to  open  the  wooden  cover. 

Fig.  3  shows  a  metal  box  covering  a  "  Case  "  sampler  with 
door  of  cover  closed;   the   sample,   which  is  poured  through  a 


slot  in  the  top,  falls  into  the  hopper  of  the  sampler  below,  half 
being  received  by  the  tin  shown  in  Fig.  4,  the  remainder  falling 
through  a  slot  into  the  wooden  waste  box  below.  The  door 
of  the  dust  box  or  cover  is  shown  open  for  inspection ;  any  dust 
given  off  is  drawn  downwards  through  the  slot  in  front  of  and 
below  the  sample  tin  by  an  exhaust  connected  with  the  waste 
box  at  the  back.  The  waste  box  is  emptied  periodically,  the 
contents  having  been   first  moistened   to  prevent  dust. 

Fig.  5  shows  a  hinged  door  in  a  metal  box  over  the 
"  Braun  "  grinder.  Whilst  grinding  this  door  is  kept  closed, 
the  sample  being  poured  into  the  hopper  by  inserting  the  arm 
through  the  8-inch  working  aperture  below  the  window.  The 
discs,  etc.,  are  wiped  clean  with  the  door  open  as  at  Fig.  6,  and 
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PLATE  III.— DUST   BOXES. 
Fig.  I.  Fig.  2. 


Fig. 


Fig.  . 


^J 


Fig.  4. 


Fig.  6. 


For  dctaileJ  working  drawings  see  Plates  X  to  XIII,  iu  CHixt.'ii. 

page   171. 


^ 
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PLATE    IV. 


PLATE    4. 

^ rs"-- --> 


(2'3>^)  WOO  DEN     TOWER  f^*'  KsM 


FEET  CAPACITT.  BASE    OF   TOWCR   WESTS    «M    C«"CRETC 

F««fNll^TlAN  WHICH    SLOPCS  HHtiH    rUM    THE   CRUSHU   HouSC 


25 

the  door  is  again  closed  for  the  final  Mowing  out,  which  is  done 
with  the  usual  compressed  air  attachment,  the  hole  in  the  nozzle 
of  which  should  not  exceed  1/32  inch.  It  will  be  noted  that, 
with  the  door  raised,  every  part  of  the  grinder  is  easy  of  access 
for  cleaning,  and  that  the  window  at  the  back  affords  sufficient 
light  even  when  working  with  the  floor  closed. 

Detailed  sketches  are  shown  of  all  the  outstanding  features 
of  Figs.   I   to  6  on  pp.  171-7. 

During  the  carrying  out  of  all  the  crushing  and  quartering 
processes  referred  to  above  there  would  be,  in  the  absence  of  a 
d.ust-catching  scheme,  some  dangerous  dust  constantly  entering 
the  room.  The  induced  draught  inside  the  covers  must 
be  under  control  so  as  to  carry  off  this  proportion  of  fine 
dust  only  and  no  more,  otherwise  concentration  will  take  place. 
Possibly  the  danger  of  enrichment  through  concentration 
may  be  overlooked.  It  will  be  admitted,  however,  that  fine  dust 
given  off  during  crushing  is  lower  in  value  than  the  bulk  of 
the  sample  under  treatment ;  it  is  obvious,  therefore,  that  con- 
centration must  occur;  this  ordinarily  is  looked  upon,  and  rightly 
so,  as  being  unavoidable  and  of  such  minute  proportion  as  to 
be  negligible.  If,  however,  the  exhaust  draught  be  so  strong 
as  to  cause  an  undue  extraction  of  dust  from  the  sample,  it  is 
possible   that   appreciable   concentration   might   ensue. 

Plate  IV.  is  a  sketch  of  a  trap  into  w^hich  all  the  dust  from 
the  various  boxes  may  be  made  to  converge;  the  greater  portion 
of  the  dust  entering  the  trap  can  be  caught  in  this  way,  the  rest 
exhausting  to  the  atmosphere. 

Weighing,  "  Fluxing  "  and  Mixing. 

On  receiving  the  samples  from  the  crusher  house,  they  are 
arranged  in  numerical  sequence  and  entered  in  the  fusion  book 
in  batches  suitable  to  the  capacity  of  the  furnaces.  It  is 
usual  to  add  metallic  copper  to  certain  of  the  measured  fluxes 
at  this  stage  in  order  to  produce  copper  stains  on  the  cupels 
later  The  weight  of  copper  necessary  to  give  to  the  cupels 
the  desired  shades  of  green  varies  with  different  types  oi  cupels. 
These  stains  form  patterns  on  the  various  cupel  trays,  which 
are  easily  recognized  after  cupellation.  A  sound  scheme  for 
Ihus  avoiding  confusion   is   shown   in   the   Frontispiece,  and   on 
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Plate  XIV,  p.  145,  an  elaboration  of  the  "  Double  Copper  Stain 
Check  "  is  shown,  which  may  be  used  in  very  large  assay  offices. 

The  "  mine  "  pulp  balance  is  adjusted,  the  sample  examined, 
mixed  on  suitable  paper,  and  a  given  portion  (usually  one 
assay  ton)  is  weighed  off  and  mixed  with  a  measured  portion 
(usually  about  three  assay  tons)  of  the  stock  flux  (see  Plate  XV, 
page  181.  which  is  usually  mixed  in  a  barrel,  also  described 
on  Plate  XV. 

In  order  to  avoid  the  inhaling  of  dust,  the  mixing  of  the 
ore  previous  to  weighing,  and  also  the  mixing  of  flux  with  the 
ore,  should  be  conducted  in  an  exhaust  cabinet  ■such  as  is 
described  at  Fig.  i,  Plate  XVI.,  page  183. 

Reducing  agents,  nails  or  oxidizing  agents  are  added,  the 
necessary  treatment  being  judged  by  the  appearance  of  the 
sample. 

After  some  experience  an  estimate  of  the  pyritic  content 
can  readily  be  made  by  inspection,  and  a  suitable  flux  treatment 
may  be  arrived  at  by  dealing  with  the  various  grades  under 
five  heads,  thus : 

(a)  practically  free   from  pyrites; 

(b)  containing  a  minute  quantity  of  pyrites; 

(c)  averagely  pyritic,  about  3  per  cent,  pyrites; 

(d)  heavily  pyritic,  about  10  per  cent,  pyrites; 

(e)  very  heavily  pyritic,  over  15  per  cent,  pyrites. 

To  (a),  (b),  and  (c)  add  sufficient  reducing  agent  to  bring 
down  the  whole  of  the  lead. 

To  (d)  add  a  little  silica  and  one  or  two  ^^-inch  finishing 
nails. 

(c)   may  be  treated  in  one  of  the  following  ways: 

(i)  by  roasting;  when  carried  out  with  due  precaution  to 
avoid  loss  from  dusting  this  method  gives  slightly  hi-gher  results 
than  any  other,  provided  the  roasting  is  done  in  the  crucible 
in  which  the  fusion  is  to  be  conducted  later.  After  roasting 
it  is  necessary  to  add  more  reducing  agent  than  for  a  sample 
free  from  pyrites,  in  order  to  counteract  the  effect  of  oxides 
formed  during  roasting;  these  oxides,  being  of  a  basic  nature, 
must  be  treated  accordingly,  when  fluxing,  by  the  addition  of 
an  acid  flux,  e.g.,  precipitated  silica.  In  practice  roasting  is 
slow  and  therefore  unsuitable  for  routine  work. 
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(ii)  by  the  addition  of  sufficient  litharge  and  nails  for 
desulphurizing  purposes ;  this  method  has  the  disadvantage  of 
producing  inconveniently  large  buttons.  It  must  be  noted  that 
charges  of  this  kind  are  highly  Ijasic  and  that  silica  must  be 
added  to  protect  the  crucible. 

(iii)  by  the  addition  of  an  oxidizing  agent  (together  with 
nails)  which  is  not  too  violent  in  its  action,  and  which,  at  the 
same  time,  does  not  give  unwieldy  buttons ;  the  red  oxide  of 
iron  may  be  found  to  be  a  suitable  oxidizing  substitute  for 
litharge,  since  it  helps  in  the  obtaining  of  reasonably  sized 
malleable  lead  buttons,  and  has  no  marked  corrosive  action  on 
the  crucibles  when  an  adequate  addition  of  silica  is  made.  If 
necessary,  about  lo  grams  (measured)  of  litharge  may  also  be 
added,  when  a  lead  button  of  about  35  grams  will  be  obtained. 

A  large  excess  of  the  red  oxide  must  be  avoided,  or  trouble 
will  be  experienced  during  subsequent  cupellation. 

(iv)  with  excess  of  carbonate  of  soda:  this  reagent,  though 
an  efficient  desulphurizing  agent,  has  to  be  used  in  such  quan- 
tity that  boiling  over  will  occur  unless  special  precautions  are 
taken  to  prevent  it,  and  such  precautions  are  inconvenient  in 
routine  work ;  the  method  is    therefore    not  recommended. 

The  percentage  of  silver  in  the  bullion  of  Rand  ores  is  so 
constant  on  each  mine  that  it  is  usual  in  Rand  assay  offices  to 
allow  for  silver  by  calculation,  thereby  avoiding  the  necessity 
for  parting.  When  one  assay  ton  of  the  ore  is  taken  a  per- 
centage is  deducted  from  the  bullion  weight  obtained  equal  to 
the  ascertained  average  of  silver  in  the  bullion  of  the  mine. 
This  is  done  by  reference  to  a  table  already  prepared  on  this 
basis. 

Another  and  increasingly  popular  procedure  is  sometimes 
adopted  for  silver  allowance,  viz.,  the  taking  of  a  weight  short 
of  the  assay  ton  in  direct  proportion  to  the  known  content  of 
silver  in  the  bullion — e.g.,  should  the  proportion  of  silver  be  10 
per  cent,  of  the  bullion,  then  the  weight  taken  would  be  one 
assay  ton  less  10  per  cent.,  or  26.25  grams;  thus  the  bullion 
weight  of  a  prill  when  finally  weighed  is  taken  as  being  the 
fine  gold,  hence  calculation  or  reference  to  a  table  becomes 
unnecessary  and  considerable  time  is   saved. 

The  portions  of  the  samples  remaining  after  assay  are 
systematically  stored   for   future  reference. 
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The  mixed*  charges,  having  been  placed  in  the 
crucibles,  are  removed  to  the  furnace  in  suitable  trays,  which 
are  usually  made  of  wood  with  a  series  of  round  holes  to 
receive  the  crucibles,  the  arrangements  being  such  that  suffi- 
cient of  the  crucible  protrudes  above  the  tray  to  allow  of  the 
free  use  of  tongs,  by  means  of  v/hich  the  crucibles' are  placed 
in  and  removed  from  the  furnace. 

The  narrow  Cornish  type  of  crucible,  though  well  suited 
for  coke  furnaces,  is  not  to  be  recommended  for  coal  furnace 
work,  since  it  is  easily  upset  when  standing  unsupported  on  a 
flat-bottorned  hearth ;  a  shallow,  flat-based  crucible  should 
therefore  be  used. 

Fusion. 

The  object  of  fusing  is  to  collect  the  gold  in  a  lead  button; 
the  theory  of  this  process  is  dealt  with  in  Chap.  3 ;  reference 
here  will,  therefore,  only  be  made  to  the  mechanical  and  prac- 
tical side  of  fusion. 

The  batch  is  placed  on  the  hearth  of  the  wind  furnace, 
which  should  be  at  a  low  red  heat ;  the  door  of  the  furnace 
is  now  closed.  If  the  stoking  is  properly  attended  to  the 
temperature  will  gradually  rise  until,  at  the  end  of  about  20 
minutes,  a  light  orange  heat  will  obtain,  by  which  time  the 
charges  should  be  ready  to  pour. 

A  number  of  cast-iron  moulds,  corresponding  with  the 
number  in  the  batch,  which  have  been  previously  cleaned  and 
polished  with  blacklead  and  thoroughly  dried,  must  be  placed 
ready  on  a  mould  tray  in  the  order  in  which  the  pots  are  to  be 
poured. 

Blacklead  is  used  to  prevent  the  lead  button  ana  si^g  from 
adhering  to  the  mould. 

If  the  fusion  is  carried  out  too  rapidly  low  results  will 
probably  occur  through  the  incomplete  washing  of  the  slag  by 
the  reduced  lead. 

Before  pouring,  the  fusion  must  be  tranquil,  and  during 
pouring  the  furnace  must  not  be  allowed  to  cool  off  to  any 
great  extent;  this  is  very  liable  to  occur  with  large  capacity 
coal-fired  furnaces  of  the  reverberatory  type,  the  result  being 
that  the  last;  charges  are  poured  at  too  low  a  temperature,  and 

*  In  the  vernacular  "  fluxed." — Ed. 
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the  slag  is  rendered  pasty  with  a  tendency  to  hang  up  small 
shots  of  lead  which  are  unahlc  to  sink  owing  to  the  viscidity 
of  the  slag. 

These  shots  of  lead  not  only  cause  underestimation  of  the 
value  of  the  sample  in  question,  through  their  inahility  to  reach 
the  hottoin  of  the  mould,  hut  those  remaining  in  the  crucihlc 
are  taken  up  by  the  following  charge,  thus  giving  rise  to 
incorrect  results ;  the  closing  of  the  furnace  door  during  the 
pouring  of  each  pot  will  usually  prevent  the  cooling  from 
becoming  dangerous. 

If  a  series  of  small  explosions  are  noted  on  the  surface 
of  the  slag,  which  is  otherwise  tranquil,  these  are  due  to  com- 
bustion of  CO  given  ofif  by  carbonaceous  material  in  the  charge, 
and  can  be  remedied  by  the  addition  of  litharge  or  red  lead. 

Occasionally  pieces  of  coal  are  found  in  the  pot ;  these  must 
be  removed  before  pouring. 

When  the  slags  in  the  moulds  commence  to  crack  it  will 
be  found  that  the  lead  buttons  have  solidified,  and  may  safely 
be  detached  from  the  slags,  placed  in  the  cupel  tray,  and  the 
mould  put  away  on  a  rack  (see  Fig.  2,  Plate  XVI.,  page  183). 

The  empty  crucibles  may  either  be  placed  on  a  trolley  (see 
Fig.  I,  Plate  XVII.,  page  185)  and  wheeled  away  to  a  convenient 
position,  or  inverted  on  a  draining  rack  (see  Fig.  2,  page  185). 
It  is  claimed  that  this  rack  considerably  lengthens  the  life  of 
crucibles  so  treated. 

The  lead  may  now  be  separated  from  any  adhering  slag 
by  hammering  into  cubes,  thus  giving  to  the  buttons  a  con- 
venient shape  for  subsequent  handling;  the  danger  of  an  undue 
proportion  of  pow^dered  slag  being  hammered  into  the  buttons 
may  be  avoided  by  the  use  of  a  jet  of  compressed  air  (see 
Plate  XVIII.,  Fig.  i,  page  187).  In  this  way  the  slag  is  gently 
blown  away  as  soon  as  loosened,  and  the  necessity  of  continually 
wiping  the  anvil  clean  is  avoided. 

The  precious  metals  having  been  collected  by  the  lead  dur- 
ing fusion,  must  now  be  separated  from  it  by  cupellation. 

CUPELLATION. 

During  this  process  practically  all  the  lead  and  other  base 
metals  are  removed  as  molten  oxides,  in  which  form  they  are 
mainly  absorbed  by  the  cupel,  a  portion  passing  off  as  vapour 
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through  the  aperture  at  the  back  of  the  muffle ;  gold  and  silver, 
not  being  oxidizable  at  ordinary  muffle  temperatures,  are  left 
behind  in  the  cupel.  The  cupels  are  placed  in  the  muffle  usually 
in  rows  which  correspond  with  the  position  of  the  buttons  on 
the  cupel  tray.  For  expediting  this  operation  see  "  A,"  Plate 
XIX.,  page  191. 

The  cupels  must  be  allowed  to  remain  in  the  muffle  until 
they  have  attained  the  heat  of  the  furnace,  in  order  to  avoid 
subsequent  "  spirting  ''  of  the  lead  caused  by  contained  moisture 
or  foreign  organic  matter;  when  the  temperature  of  the  muffle 
has  reached  a  yellow  colour,  equivalent  to  about  1,000 
degrees  Cent.,  the  cubes  of  lead  are  deposited  in  the  cupels  in 
left  to  right  order,  commencing  at  the  back  row  of  cupels. 
This  may  be  done  either  with  the  ordinary  cupel  tongs  or  by 
means  of  a  transferer  (see  "  C ''  and  "  D,"  Plate  XIX.,  page 
191). 

The  muffle  is  closed  until  all  the  buttons  have  melted  and 
cleared ;  the  door  is  then  opened  sufficiently  to  allow  free  access 
of  air,  but  not  enough  to  affect  the  heat  of  the  muffle  seriously. 

The  knack  of  judging  the  correct  temperature  for  mine 
sample  cupellation  only  comes  after  considerable  practice ;  if 
the  fumes  rise  sluggishly  from  the  cupels  there  is  a  danger  of 
"  freezing,"  and  the  heat  must  be  raised  until  the  fumes  pass 
readily  away  and  the  surface  of  the  bath  of  lead  appears  clear 
and  bright,  when  the  temperature  may  be  considered  to  be 
correct. 

Some  of  the  causes  of  inadequate  temperatures  are:  (i) 
The  use  of  inferior  fuel;    (2)   insufficient  height  of  the  stack; 

(3)  the  choking  of  flues,  which  usually  happens  at  bends;  and 

(4)  the  breaking  away  of  the  luting  round  the  muffle.  A 
simple  remedy  for  the  latter  trouble  is  the  application  of  about 
}i  inch  of  some  hard-setting  heat-proof  cement  to  the  fireclay 
packing  whilst  it  is  still  moist.  In  Fig.  2,  Plate  XVIII.,  page  187, 
a  useful  arrangement  of  muffles  is  shown. 

The  cupellation  of  buttons  of  about  25  grams  should  be 
completed  in  about  25  minvites ;  the  cupels  are  then  removed 
from  the  muffle  to  a  cupel  tray  with  the  usual  tongs  (or  fork 
as  at  "  B,"  Plate  XIX.,  page  191),  and,  when  cool,  are  carried 
to  the  balance  room  for  final  weighing. 

Prills  which  have  been  finished  at  the  correct  temperature 
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present  a  bright  golden  appearance,  and  are  well  rounded; 
those  which  do  not  show  these  characteristics  indicate  incom- 
plete cupcllation,  and  the  assays  sh(ndd  be  repeated. 

After  cupellation  blanched  patches  on  the  cupels  indicate 
that  the  heat  has  been  excessive,  and  that  the  cujxds  have  been 
allowed  to  remain  in  the  muffle  too  long. 

A  sign  of  too  low  a  temperature  having  ol>taincd  is  the 
occurrence  of  feather  litharge;  this  is  to  be  avoided  when 
cupelling  mine  samples,  since  the  fine  gold  is  arrived  at  by 
deducting  a  fixed  percentage  for  silver,  and  the  heat  at  which 
feather  litharge  forms  is  insufficient  to  drive  off  the  final  base 
metal,  overestimation  of  values  resulting. 

FiN.AL  Weighing. 

The  I2A  Oertling  is  the  balance  generally  used  for  mine 
samples ;  when  adjusting  this  balance  by  means  of  the  gravity 
bob  it  is  possible  to  make  a  deviation  of  one  degree  on  the 
scale  represent  the  equivalent  of  one  dwt.  on  the  beam  when 
using  a  5  mgm.  rider;  as  it  is  practicable  to  read  to  half  a  division 
on  the  scale,  results  can  be  reported  to  half  a  dwt.  Should, 
it  be  necessary  to  report  to  less  than  half  a  pennyweight,  two 
assay  tons  should  be  taken. 

It  is  of  the  utmost  importance  that  every  precaution  shall 
be  taken  to  preclude  the  possibility  of  serious  mistakes  occurring, 
and  it  is  customary  in  many  offices  to  repeat  or  j^an  all  abnor- 
mally high  results. 

Samples  which  leave  no  trace  of  gold  or  silver  on  the  cupel 
should  always  be  re-assayed. 

The  prill  is  removed  from  the  cupel  with  a  suitable  ])air  of 
steel  forceps,  flattened  on  an  anvil  to  remove  any  adhering 
cupel  material,  and  placed  in  the  left-hand  pan  of  the  balance. 

The  practised  assaytr  readily  judges  the  approximate 
weight  of  the  beads,  and  instinctively  places  his  rider  at  or  near 
the  correct  position  on  the  beam.  The  balance  is  then  thrown 
into  action,  and  immediately  indicates  the  direction  in  which 
the  rider  must  be  moved  to  obtain  equilibrium.  This  having 
been  attained,  the  reading  is  noted  and  the  fine  gold  value 
entered. 

Reference  is  made  on  Plate  XX.,  page  193,  to  the  use  of 
the  double  rider,  which  will  be  found  to  expedite  greatly  the 
weighing  of  mine  samples. 
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CHAPTER    V. 

TREATMENT  OF  SURFACE  OR  REDUCTION  WORKS  SAMPLES. 

Certain  samples  are  received  from  the  reduction  works 
daily,  others  are  sent  at  irregular  intervals. 

The  daily  samples  are  known  as  "  screen,"  "  mill  pulp," 
"  sand  charges,"  "  slime  charges,"  "  sand  residues,"  "  slime 
residues,"  "  washed  sand  and  slime  residues,"  and  various 
cyanide  solutions. 

Those  which  are  sent  at  irregular  intervals  are  "  tube  mill 
pebbles,"  "  waste  rock,"  "  zinc  gold  slime,"  "  lead  bullion," 
"  gold  bullion,"  and  various  samples  of  the  by-products  of 
smelting  operations. 

"  Screens." — This  is  usually  looked  upon  as  the  principal 
sample  of  the  day,  since  it  represents  the  ore  crushed  during 
the  previous  twenty-four  hours.  The  sample  representing  7  a.m. 
to  3  o'clock,  or  morning  shift,  should  arrive  at  the  drying  room 
at  about  4  p.m.,  and  those  for  afternoon  and  night  at  about 
7  a.m.  on  the  following  morning.  The  excess  water  is  decanted 
off  after  time  has  been  allowed  for  settlement,  care  being  taken 
to  prevent  any  of  the  slime  from  escaping;  then,  if  a  press  is 
available,  the  remaining  water  is  expressed  (see  Plates  XXIV. 
and  XXV.,  pp.  204-6),  and  the  last  moisture  driven  off  by  heating 
at  a  temperature  not  exceeding  150  degrees  C.  (see  plates  XX VT. 
and  XXVII.,  pp.  208-210.  It  is  then  passed  through  a  lo-mesh 
sieve  to  break  up  any  agglomerated  lumps,  is  thoroughly  mixed 
(see  Plate  XXXVII.,  pp.  235-237),  and  a  portion  (about  300 
grams)   sent  to  the  grading  department. 

The  remaining  portion  of  the  sample  is  carefully  quartered 
down  (see  page  235)  until  about  1,200  grams  remain,  which,  if 
the  quartering  has  been  efficiently  performed,  will  be  thoroughl)i 
representative  of  the  sample.  This  final  portion  is  then  pul- 
verized to  pass  a  60-mesh  sieve,  when  it  is  ready  for  assaying. 

Mill  Pulp. — This  is  the  name  given  to  the  crushed  ore 
entering  the  cyanide   works,   after  having  passed    through    the 
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tube-mill  classifiers,  which  have  separated  out  the  coarse 
particles  and  sent  them  to  the  tube-mills,  from  which  they  have 
been  returned  crushed  to  the  flow,  the  whole  then  being  passed 
over  the  amalgamating  tables,  whence  it  flows  to  the  slime 
separator ;  between  the  amalgamating  tables  and  the  slime 
separators  an  automatic  sampler  is  sometimes  placed  which 
samples  the  whole  stream  of  pulp  and  supplies  this  sample 
known  as  the  "mill  pulp"  (sometimes  as  the  auto);  thus  the 
mill  pulp  represents  the  screen  sample  after  the  extraction  of 
the  amalgamable  gold.  This  sample  is  prepared  for  assay  in 
the  same  manner  as  the  screen  sample,  but  usually  requires  no 
further  pulverising.  There  are  many  types  of  automatic 
samplers,  none  of  which  are  entirely  satisfactory,  so  that  on 
some  mines  other  methods  of  sampling  are  adopted.  Whether 
the  sample  be  taken  by  machine  or  by  hand,  the  utmost  care 
should  be  exercised  to  ensure  that  the  sample  taken  should  be 
as  representative  as  possible. 

Sand  Charges. — This  sample  represents  the  sand  or  coarse 
portion  of  the  ore  from  which  the  slime  (or,  broadly  speaking, 
the  clay  and  the  minus  200*  portion  of  the  silica)  has  been 
separated  by  means  of  the  slime  separators  or  collecting  tanks. 
It  also  contains  part  of  the  pyritic  or  heavy  mineral  component. 

This  sample  never  contains  sufficient  moisture  to  need 
pressing;  it  is  therefore  merely  dried,  broken  up,  quartered 
down  if  necessary,  a  portion  set  aside  for  grading,  and  is  then 
ready  for  assay.  On  many  mines  this  sample  is  not  taken, 
its  value  being  calculated  by  difference  between  the  value  of 
the  pulp  and  that  of  the  slime  charge,  the  percentage  of  which 
has  been  ascertained.  The  grading  figures  are  taken  as  identical 
with  those  of  its  residue,  that  is,  after  it  has  been  treated  with 
cyanide. 

Slime  Charge. — This  is  representative  of  the  slime  (or 
clay  plus  the  — 200  silica  of  the  pulp  before  cyanide  treat- 
ment). It  requires  drying  and  subsequent  breaking  up,  and  is 
then  ready  for  assay. 

Sand  Residue. — This  is  representative  of  the  sand  charge 
after  extraction  of  the  gold  amenable  to  cyanide  treatment. 
This  sample  is  prepared  for  assay  in  the  same  manner  as  the 

*  i.e.,  passing  200  linear  meshes  to  the  inch  screen. 
c 
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sand   charge.        It   may   be    found   necessary   to   pulverize    this 
sample. 

Slime  Residue. — This  is  representative  of  the  slime  charge 
after  all  the  available  gold  has  been  extracted  by  cyanide,  with 
this  difference,  that  while  the  moisture  present  in  the  slime 
charge  is  water  barren  of  gold,  that  in  the  residue  is  always 
weak  cyanide  solution  containing  more  or  less  gold.  Owing  to 
circumstances  affecting  the  conditions  of  settlement^  the  per- 
centage of  cyanide  solution  in  slime  residues  varies  considerably, 
and  to  be  representative  of  the  value  of  the  slime  sent  to  the 
residue  dam  none  of  this  solution  must  be  spilt.  To  dry  off 
all  the  liquid  by  heat  would  be  altogether  too  lengthy  an  opera- 
tion ;  hence  precipitation  by  copper  sulphate  or  cuprous  chloride 
is  usually  resorted  to  (see  solution  assay)  :  no  potassium  ferro- 
cyanide  is  necessary. 

The  sample  is  then  put  through  a  press,  dried,  broken  up, 
sieved,  and  is  ready  for  assay. 

Washed  Residues. — The  moisture  in  both  sand  and  slime 
residues  is  really  weak  cyanide  solution,  and  invariably  contains 
gold. 

In  order  to  determine  the  value  of  this  dissolved  gold,  the 
residues  are  washed  repeatedly  with  fresh  water  until  practically 
all  the  gold-bearing  solution  has  been  eliminated.  The  sample 
thus  washed  is  assayed  for  gold,  the  value  representing  what  is 
usually  called  "  undissolved  gold,"  and  the  difference  between 
that  and  the  original  unwashed  residue  "  dissolved  gold."  The 
washed  samples  are  prepared  for  assay  in  the  same  manner 
as  their  unwashed  originals,  except  that  in  the  case  of  washed 
slime  the  precipitation  with  copper  sulphate  solution  is  not 
resorted  to. 

Cyanide  Solutions. — These  consist  of  samples  of  practically 
all  the  solutions  to  be  found  in  and  about  a  cyanide  works. 

They  are  of  widely  varying  values,  but  are  almost  without 
exception  amenable  to  treatment  by  the  various  precipitation 
methods  and  the  old-fashioned  evaporation  process.  The  only 
difference  in  treatment  that  will  be  found  necessary  is  in  the 
amount  of  silver  to  be  added  in  each  case  according  to  the 
approximately  known  values,  which  will  vary  in  every  cyanide 
plant. 
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The  names  of  the  principal  sokitions  in  order  of  richness 
are ;  Receivers,  heads  of  boxes,  last  drainings,  sand  and  slime, 
foot  of  boxes,  sumps,  dam  water  and  mill  return  water. 

See  *'  Solution  Assay "  for  filter  press  and  slime  press 
effluent.     (See  page  39  for  details.) 

Tube  Mill  Feed  (or  Pebbles). — By  means  of  this  sample 
an  attempt  is  made  to  arrive  at  the  value  of  the  ore  fed  into 
the  tube  mills  to  act  as  grinders.  There  are  two  methods  of 
obtaining  this  sample. 

The  first  and  more  reliable  is  by  catching  the  small  pebbles 
which  have  been  sufficiently  ground  to  pass  through  the  dis- 
charge grating.  The  second,  which  is  not  to  be  recommended, 
is  by  taking  an  occasional  piece  of  the  ore  brought  from  the 
crusher  house  to  the  tubes.  In  either  case  the  pieces  are  coarse 
crushed,  quartered  down  and  pulverized,  and  are  then  ready 
for  assay.  The  pebbles  from  the  tube  discharge,  when  taken 
for  the  sample,  must  be  carefully  washed  before  crushing. 

Waste  Rock. — This  sample  gives  the  approximate  value  of 
the  rock  which  is  being  thrown  on  the  waste  dump. 

Under  perfect  conditions  it  should  contain  no  gold,  but 
since  the  sorting  has  to  be  done  at  speed  from  a  revolving  table 
or  travelling  belt,  and  is  carried  out  by  natives,  a  certain  pro- 
])ortion  of  reef  inevitably  finds  its  way  into  the  waste  ore  bin  ; 
another  possible  source  of  contamination  is  the  presence  of 
adhering  "  fines." 

So  far  as  the  assay  office  is  concerned,  the  sample  is  treated 
in  exactly  the  same  manner  as  the  tube-mill  feed,  special  care 
being  taken  to  avoid  contamination  from  the  crushers. 

Zinc  Gold  Slimes. — On  some  mines  on  the  occasion  of  each 
clean-up  in  the  cyanide  works,  usually  three  times  a  month,  a 
sample  or  samples  of  the  extractor  house  precipitate  is  sent  for 
assay,  in  order  to  give  the  Reduction  Ofificer  an  approximate 
idea  as  to  the  amount  of  gold  he  may  expect.  The  sample  is 
usually  received  wet  in  closed  tins,  and  as  the  wet  weight  is 
known  to  the  Reduction  Officer,  it  is  unnecessary  to  dry  the 
sample. 

Lead  Bullion. — This  sample  is  obtained  from  the  bath  of 
lead   resulting   from   a   smelt   of   the   zinc-gold  bearing  material 
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in  the  pan  furnace  ;*  the  bath  is  thoroughly  stirred,  and  dip 
samples  are  taken  from  it  and  poured  into  water  in  order  to 
granulate  it. 

Gold  Bullion. — The  subject  of  gold  bullion  bars  prepared  for 
final  disposition  is  fully  dealt  with  in  another  chapter. 

By-Products  of  Smelting  Operations. — Under  this  heading 
the  most  frequently  occurring  samples  received  for  assay  are 
reverberatory  slags,  fine  iron,  battery  chips,  plumbago  pots, 
liners,  hydrates,  miscellaneous  concentrates,  foul  amalgam, 
matte,  speise,  ashes,  etc.,  etc.,  the  assay  of  which  will  be  found 
described  in  "  By-Products,"  Chap.  6. 

The  Assay  of  Surface  Samples. 

With  the  exception  of  the  slime  residue  sample,  the  only 
preliminary  treatment  required  before  weighing  out  the  assay 
portions  is  drying  and  in  some  instances  reduction  to  — 60 
through  a  disc  pulverizer,  which  should  be  used  only  for  sur- 
face samples. 

Preparation  of  Slime  Residue. 

Where  the  decantation  process  is  used  the  slime  will  usually 
be  associated  with  about  35  per  cent,  to  40  per  cent,  of  the 
"last  wash"  cyanide  solution,  which  should  carry  from  o.io 
to  0.20  dw^t.  per  ton  of  gold  under  normal  conditions. 

The  residue  sample  is  placed  in  an  enamelled  vessel  and 
cuprous  chloride  solution  added ;  the  mixture  is  then  stirred  to 
effect  the  precipitation  of  the  gold  in  the  solution.  The  bulk  of 
the  moisture  may  now  be  pressed  out  (see  Plates  XXIV.  and 
XXV.,  pages  204-6). 

A  photograph  of  an  improved  press  which  is  more  easily 
and  quickly  manipulated   is  shown  on  page  206. 

The  residual  quantity  of  moisture  (about  10  per  cent.)  may 
now  be  driven  off  by  heating  cautiously  on  a  hot  plate ;  on 
pp.  208-210  are  shown  two  useful  types  of  electrical  driers. 

After  drying  is  completed  the  sample  is  cooled  and  passed 
through  a  60-mesh  sieve,  when  the  residue  is  ready  for  w^eigh- 
ing  out  on  the  pulp  balance. 

Slime  residue  samples  taken  from  the  "  Butters "  filter 
leaf  are  dried  direct  without  the  addition  of  a  precipitant  for 

*  A   reverberatory  furnace. 
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the  gold.  These  samples  carry  from  25  per  cent,  to  35  per  cent. 
of  moisture,  and  having  usually  received  a  water  wash  in  the 
press,  may  be  dried  directly   without   fear  of  loss  in  drying. 

The  mi.xing  and  sifting*  of  surface  samples  entails  the 
liberation  of  quantities  of  fine  dust,  and  Plate  XXVIII.,  page 
212,  shows  a  dust  cupboard  designed  for  this  class  of  work. 

For  reasons  of  economy  smaller  quantities  of  the  richer 
samples  may  be  taken  for  assay  than  is  permissible  with  those 
of  lower  values.  liy  employing  one  weight  (e.g.,  5  A.T.,  see 
Plate  XXIII..  "  B,"  page  202)  for  all  samples,  however,  any 
danger  of  confusion  as  to  the  weight  which  has  been  taken 
is  avoided. 

In  alluding  below  to  the  "  Stock  flux,"  the  basis  of  5  .\.T. 
has  been  worked  on,  chiefly  for  the  reason  that,  when  weighing 
the  duplicates  together  finally,  no  calculation  or  reference  to  a 
table  is  necessary  in  arriving  at  a  value. 

The  stock  flux  in  bulk  for  "  surface "  samples  may  be 
made  up  in  the  proportions  shown  on  page  181,  and,  when 
five  assay  tons  of  the  sample  are  taken,  11  assay  tons  of  flux 
"A"  are  sufficient  if  the  heat  of  the  furnace  is  good;  12  are 
necessary  when  the  heat  is  low. 

When  "  B  "  flux  is  used  a  smaller  quantity  of  the  flux  will 
give  satisfactory  results,  as  the  presence  of  fluorspar  renders 
the  fusion  more  fluid ;  this  is  particularly  noticeable  with  slime 
fusions,  since  fluorspar  is  an  excellent  flux  for  alumina. 

Sufficient  reducing  agent  should  be  taken  to  produce  a  lead 
button  of  about  65  grams. 

Each  sample  may  be  weighed  out  in  duplicate  portions  of 
five  assay  tons,  "  fluxed,"  mixed  and  placed  in  No.  5  crucibles, 
silver  nitrate  being  added  by  means  of  a  burette.  (See  copper 
sulphate  method.) 

In  the  assay  of  reduction-works  samples  it  is  essential  thnt 
all  risk  of  contamination  shall  be  avoided  and  separate  pots 
should  be  kept  apart  for  each  class  of  sample ;  e.g.,  crucibles  in 
use  for  screen  samples  should  be  marked  I,  and  should  only 
be  used  for  screens;  pulp  pots  may  be  marked  II,  and  only 
used    for    pulp    charges,    and    so    on.        A   description    of   an 

*  In  the  vernacular  "sieving." 
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"  indicating  board "  designed  to  simplify  the  carrying  out  of 
the  scheme  alluded  to  in  the  last  paragraph  will  be  found  in 
Chap.  14,  Plate  XXIX.,  page  163. 

Fusion. — The  fusion  of  a  5  A.T.  charge  will  occupy  about 
40  minutes,  and  should  be  accomplished  by  the  gradual  raising 
of  the  heat  of  the  furnace.  When  the  fusion  is  perfectly  clear 
and  tranquil  it  'may  be  poured  into  an  assay  mould ;  after  cool- 
ing, the  lead  button  is  detached  in  the  usual  manner. 

Cupellation. — The  buttons  are  cupelled  at  a  light  red  heat, 
which  must  be  increased  to  a  yellow  heat  at  completion.  Yellow 
heat  is  about  1,000°  C,  or  slightly  above  the  melting-point  of 
silver. 

Parting. — After  cooling,  the  beads  or  prills  are  detached 
from  the  cupels,  flattened  on  an  anvil,  and  dropped  into  a 
(nominally)  40  per  cent.*  solution  of  nitric  acid  which  is  at  the 
point  of  boiling.  After  complete  dissolution  of  the  silver  has 
been  effected,  the  acid  is  carefully  poured  off  from  each  disc  of 
gold ;  several  washes  of  distilled  water  are  given,  and  the  gold 
is  dried,  annealed  and  finally  weighed. 

Parting  is  usually  carried  out  in  small  porcelain  crucibles, 
which  are  heated  on  a  hot  plate. 

On  Plate  XXX.,  Figs,  i  and  2,  page  216,  a  neat  combina- 
tion is  shown  which  greatly  expedites  the  process  of  parting. 

Weighing. — Surface  beads  require  to  be  weighed  with  the 
greatest  accuracy.  The  balance  is  described  elsewhere:  it 
is  highly  sensitive,  but  occasionally  is  found  to  be  erratic  in 
its  action,  possibly  owing  to  physical  differences  between  the 
state  of  the  air  inside  the  balance  case  and  that  of  the  balance 
room.  The  opening  of  the  balance  case  for  ten  minutes  before 
proceeding  to  adjust  will  usually  remedy  this  condition. 

After  the  balance  has  been  accurately  adjusted  one  of  the 
gold  discs  is  usually  placed  in  each  pan  and  the  beam  released ; 
absolute  agreement  in  the  weights  of  the  discs  seldom  occurs. 
If,  as  is  usually  the  case,  they  agree  within  moderate  bounds, 
the  average  of  the  duplicate  may  be  taken ;  should,  however,  a 
big  difference  exist,  the  original  sample  must  be  re-assayed. 

The   presence   of   coarse   gold  in   "  screen   samples  "   some- 

*i.e.,  40  parts  strong  nitric  acid  (which  is  75  to  90  per  cent.)  and  60 
parts   water. 
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times  leads  to  tlie  occurrence  of  large  discrepancies  in  the 
duplicate  weighings;  this  does  not  necessarily  point  to  faulty 
assaying,  whereas  even  a  comparatively  small  disagreement  in 
the  duplicates  of  "  slime  charges "  determinations  should  be 
looked  upon  as  being  an  infallible  indication  that  an  error  has 
occurred :  the  sample  should  be  re-assayed,  while  a  general 
lookout  should  be  kept  for  discrepancies  in  results  of  other 
samples,  and,  if  possible,  the  source  of  error  located. 

Zinc-Gold  Slimes. 

A  porti<^n  of  the  sample,  which  must  have  been  thoroughly 
mixed  in  its  tin  with  a  spatula,  is  then  weighed  off  on  the  chemical 
balance,  usually  5  or  10  grams  on  a  piece  of  tared  paper;  a 
few  grams  of  flux  similar  to  that  used  for  solutions  is  j)laced 
in  the  bottom  of  a  small  crucible,  the  paper  containing  the  gold 
slime  placed  in  the  crucible,  and  a  sufficient  quantity  of  flux 
added  to  cover  the  sample  and  produce  a  button  of  30  grams. 
The  assay  is  ready  for  fusion  and  cupellation  in  the  usual  way, 
and  the  result  reported  as  bullion.  .\t  the  best  the  result  is 
only  approximate.  This  rich  sample  must  be  handled  with  the 
greatest  care  to  avoid  contamination  of  other  samples. 

Assay  of  Gold-Be.\rixc.  Cyanide   Solutions. 

With  the  introduction  of  the  cyanide  process  the  necessity 
for  the  estimation  of  the  gold  in  the  solutions  became  at  once 
imperative.  In  those  days  the  gold  values  were  higher  than 
those  of  to-day.  The  method  of  assay  almost  universally  adopted 
on  the  Rand  was  by  evaporation  in  a  leaden  dish  with  sub- 
sequent cupellation.  The  dish  used  had  a  capacity  of  2  assay 
tons  anrl  a  weight  of  about  25  grams ;  the  silver  for  inquartation 
was  added  in  the  form  of  silver  wire  to  the  residue  after 
evaporation.  With  solutions  of  a  gold  value  of  0.5  dwt.  and 
upwards  this  method  was  sufficiently  accurate  if  carried  out  at 
a  low  temperature,  so  that  spirting  during  the  final  stage  of 
evaporation,  or  partial  fusion  of  the  lead  was  avoided. 

.\  marked  improvement  in  cyanide  treatment  called  for 
much  more  accurate  estimations,  necessitating  charges  of  10  to 
20  A.T.  in  order  to  obtain  weighable  beads,  and  to-day  many 
results  are  reported  to  a  nominal  accuracy  of  001   dwt.  per  ton. 
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The  methods  now  employed  are : 

1.  The   copper  sulphate. 

2.  The  cuprous  chloride. 

3.  Evaporation  in  porcelain  dishes. 

4.  Zinc  shaving  and  lead  acetate. 

5.  Electrolytic. 

6.  Aluminium  method. 

I.  The  Copper  Sulphate  Method. 
Owing  to  the  use  of  five  reagents  in  the  precipitation  under 
this  method,  it  at  first  would  appear  to  be  cvmibrous  and  to 
Leed  considerable  time ;  however,  with  the  arrangements  which 
have  been  designed  for  the  working  of  this  process  it  is  possible 
to  carry  out  the  precipitation  of  30  solutions  in  less  than  30 
minutes.  The  filtering  and  addition  of  fluxes  should  not  involve 
more  than  another  half-hour,  and  the  fusing,  cupellation  and 
parting  take  no  longer  than  is  necessary  for  an  ordinary  surface 
sample  assay. 

Reagents  Used. 
Solution  of  sodium  cyanide   (saturated). 

do.  copper    sulphate    15  or  30  per  cent. 

do.  sodium    sulphite 10  or  20         ,, 

do.  sulphuric  acid 20  or  40         „ 

do.  potassium  ferro-cyanide   ....        2  or     4         „ 

Procedure. — The  solution  for  assay  should  be  alkaline.  To 
a  conical  glass  beaker  or  other  convenient  receptacle  a  few 
drops  of  the  sodium  cyanide  solution  are  added. 

20  A.T.  of  the  solution  for  assay  are  measured  and  trans- 
ferred to  the  beaker.  To  this  are  added  10  or  20  c.c.  of  the 
other  reagent  solutions,  according  to  their  strength,*  in  the  order 
given  above,  the  beaker  being  shaken  between  each  addition; 
the  precipitated  solution  is  allowed  to  stand  for  half  a  minute 
until  SO2  is  being  evolved  freely,  and  is  then  filtered  through 
a  4B  Billault  folded  filter  paper,  by  the  use  of  which  filtration 
is  greatly  expedited. 

When  thoroughly  drained  a  little  (i  A.T.)  of  the  stock 
"  solution-flux  "  is  added  to  a  crucible,  the  filter  paper  with  the 
precipitate  is  placed  in  the  crucible,  and  a  little  flux  dusted  in  to 


*  i.e.,  10  c.c.  if  the  copper  sulphate  is  30  per  cent.,  and  20  c-C  if  it 
is  15  per  cent. 
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cover  tlic  j)recii)itate,  the  paper  folded  in  upon  itself  and  covered 
with  the  remainder  of  the  flux,  of  which  a  measure  containing 
about  2  A.T.  is  taken  in  all.  The  requisite  silver  is  added  as 
silver  nitrate  from  a  burette,  and  the  assay  is  then  ready  for 
fusion  and  treatment  in  the  ordinary  way.  The  silver  nitrate 
solution  should  be  of  a  known  value,  a  useful  strength  being 
one  which  will  impart  a  value  of  .5  dwt.  silver  per  ton  (20  A.T. 
having  been  taken)  by  the  use  of  i  c.c.  of  silver  nitrate 
solution. 

The  following  is  an  efficient  stock  "solution  flux": 

Sodium  carbonate 15  per  cent. 

Litharge     55 

Silica 20         „ 

Fused  borax  or  fluorspar 10         ,, 

Sufficient  reducing  agent  should  be  added  to  the  stock  flux 
to  produce  a  20-gram  button  from  two  assay  tons. 

By  the  exercise  of  a  little  thought  and  ingenuity  the  assayer 
should  devise  a  plant  which  will  enable  him  to  carry  out  a  large 
number  of  assays  by  this  method  with  a  minimum  of  trouble 
w^hile  retaining  complete  accuracy.  An  efficient  arrangement 
is  shown  on  Plate  XXXI..  page  218. 

2.  Cuprous  Chloride  Method. 

An  advantage  in  the  use  of  this  method  is  that  only  three 
reagent  solutions  are  used,  including  the  saturated  sodium 
cyanide  solution. 

The  preparation  of  the  cuprous  chloride  solution  is,  how- 
ever, somewhat  troublesome,  and  this  is  the  principal  reason 
for  the  preference  shown  by  many  assayers  for  the  copper 
sulphate  method. 

Preparation  of  Cuprous  Chloride  Solution. — 300  grams  of 
crushed  copper  sulphate  are  placed  in  a  Winchester  quart  bottle, 
which  is  then  three  parts  filled  with  strong  commercial  hydro- 
chloric acid ;  this  latter  is  obtainable  in  large  carboys  at  a  very 
low  price;  space  is  left  for  the  addition  of  as  much  i6-gaugc 
copper  wire  previously  flattened  as  can  be  inserted. 

It  is  advisable  to  prepare  from  10  to  20  of  these  Winchesters 
at  a  time  for  stock. 

After  standing  for  a  few  days  the  copper  wire  reduces  the 
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mixture  to  the  cuprous  state,  which  is  indicated  by  its  becoming 
nearly  colourless  and  clear;  it,  however,  rapidly  oxidizes  to 
brown  on  exposure  to  air. 

Procedure. — Similar  conical  flasks  to  those  used  in  the 
sulphate  method  are  employed.  The  sample  bottle  having  been 
well  shaken,  lo  or  20  A.T.  of  the  solution  are  taken,  according  to 
1^he  approximately  known  gold  value.  A  few  drops  of  saturated 
cyanide  solution  are  first  added  and  the  flask  shaken ;  then  10 
c.c.  of  the  cuprous  chloride,  and  the  flask  again  shaken,  when 
a  copious  white  precipitate  is  thrown  down ;  10  c.c.  of  ferro- 
cyanide  are  now  added,  which  coagulates  the  precipitate  and 
renders  it  rapidly  filterable :  this  is  done  through  4B  Billaut 
folded  papers,  which  on  completion  of  draining  are  fluxed  and 
fused  as  in  the  sulphate  method,  silver  for  inquartation  being 
added  in  the  form  of  nitrate  solution. 

It  is  imperative  that  colourless  cuprous  chloride  solution 
be  used,  otherwise  an  excess  of  copper  in  the  lead  button  will 
result  and   give   trouble   in   cupellation. 

3.  Evaporation  in  Porcelain  Dishes. 

An  objection  to  this  method  is  the  time  necessary  for 
evaporation,  which  towards  the  end  must  be  carried  out  at  a 
low  temperature  to  avoid  loss  by  spirting.  This  is  a  serious 
drawback  when,  as  is  now  the  case,  a  large  number  of  rapidly- 
conducted  assays  are  called  for  daily. 

Procedure. — Glazed  porcelain  dishes  of  a  capacity  of  at 
least  one  litre  are  used ;  each  is  smeared  with  thick  cylinder 
oil,  and  about  30  grams  of  a  stock  mixture  of  litharge  and 
carbon  calculated  to  give  a  20-gram  button  are  dusted  in.  10  to 
20  A.T.  of  the  sample  solution  are  then  introduced  into  the  dish 
and  the  evaporation  commenced,  due  precautions  being  taken 
to  avoid  over-heating,  otherwise  the  residue  and  litharge  will 
adhere  to  the  dish,  giving  trouble  in  cleaning  out  and  possible 
loss. 

When  dry  the  residue  is  wiped  out  into  a  crucible  with  a 
piece  of  clean  filter  paper,  a  small  quantity  of  the  flux  being 
already  in  the  crucible ;  the  remainder  is  placed  on  top  of  the 
assay  residue  together  with  the  piece  of  paper  used  for  cleaning. 
The  flux,  of  which  one  A.T.  is  taken,  is  the  same  as  that  used 
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in  the  copper  sulphate  niethoil  less  the  litharge  and  reducing 
agent.  The  assay  is  now  ready  for  fusion,  and  is  completed  in 
the  usual  way. 

The  use  of  oil  is  advantageous,  as  it  obviates  the  tedious 
scraping  which  is  necessary  when  the  dishes  are  not  oiled,  and 
which  often  causes  low  results.  The  final  traces  may  be 
removed  by  the  scouring  of  the  dish  with  about  lo  grams  of  the 
stock  flux. 

4.   Zinc  and   Lead  Acetate  Method. 

In  routine  work,  when  a  large  number  of  assays  are  called 
for  in  a  limitcil  time,  the  operation  of  boiling  is  one  which  has 
its  disadvantages,  and  can  only  be  conducted  comfortably  by 
means  of  easily  regulated  electric  heaters  ;  this  method  has  that 
objection,  and  has  also  to  be  conducted  with  so  many  pre- 
cautions as  to  render  it  unpopular. 

Procedure. — 20  A.T.  of  the  solution  are  measured  out  into 
a  suitable  vessel  and  heated  to  boiling.  25  c.c.  of  a  saturated 
solution  of  lead  acetate  are  added,  and  the  mixture  again 
brought  to  the  boil. 

Three  grams  of  zinc  dust,  or  zinc  shavings  rolled  into  a 
loose  ball,  are  added,  and  the  solution  kept  gently  boiling  for 
half  an  hour  to  allow  of  the  complete  precipitation  of  the  lead, 
gold  and  silver ;  this  precipitate  adheres  to  the  zinc,  forming  a 
coherent  spongy  ball.  25  c.c.  of  commercial  hydrochloric  acid 
are  added,  and  the  heating  continued  for  another  half-hour,  care 
being  taken  just  to  avoid  boiling,  by  which  time  all  the  zinc  will 
have  been  removed,  the  lead  remaining  in  the  precipitated  con- 
dition in  the  form  of  a  ball. 

The  clear  solution  is  decanted,  and  the  spongy  lead  washed 
free  from  acid  and  zinc  chloride.  The  spongy  lead  is  now 
squeezed  between  the  fingers  to  remove  excess  of  moisture,  and 
is  dried  and  cupelled.  The  silver  for  inquartation  should  have 
been  added  in  the  form  of  nitrate  before  precipitation,  but  may 
be  introduced  in  the  form  of  wire  just  before  cupellation. 

Small  pieces  of  lead  which  may  have  become  separated  may 
be  gathered  by  pressing  the  squeezed  ball  of  lead  on  them. 

This  method  has  the  advantage  of  requiring  no  fusion,  and 
gives  correct  results  with  strong  or  weak  solutions. 

Precautions. — The      solution     must     be     at     boiling-point 
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before  the  addition  of  the  zinc,  and  must  be  kept  simmering 
during  the  precipitation  of  the  lead  and  precious  metals,  other- 
wise the  lead  precipitates  as  a  black  powder  or  non-coherent 
brittle  ball. 

The  ball  wnll  also  be  rendered  brittle  by  excessive  boiling, 
the  presence  of  iron  in  the  lead  acetate,  and  by  excess  of  acetic 
acid. 

The  zinc  shavings  must  be  rolled  into  a  loose  ball ;  should 
the  ball  be  too  compact,  the  time  taken  for  complete  solution 
is  excessive. 

To  solutions  containing  little  or  no  cyanide  a  few  drops 
of  NaCN  solution  must  be  added,  sufficient  to  give  the  solution 
for  assay  a  strength  of  0.05  per  cent,  cyanide. 

On  the  addition  of  the  lead  acetate  a  white  precipitate  is 
formed,  which  disappears  on  boiling  or  on  the  addition  of  acid  ; 
this  precipitate  has  no  effect  on  the  assay  result. 

With  these  precautions  correct  results  will  always  be 
obtained. 

5.  Assay  by  Electrolysis. 

The  apparatus  consists  of  hollow  oblong  frames,  each 
designed  to  hold  eight  beakers,  and  fitted  with  copper  connec- 
tion rods. 

Anode  Connection  Rod. — The  anodes  are  ^/^g  inch  arc-lamp 
carbons,  and  are  held  in  position  in  the  centre  of  each  beaker 
by  means  of  clamps  fitted  to  the  anode  connection  rod,  which  is 
horizontal  and  runs  parallel  to,  and  six  inches  above,  the  top  of 
the  box.  By  means  of  a  slot  and  thumb-screw  the  anode  con- 
necting rod  is  attached  to  two  uprights  fixed  at  either  end  of 
the  box,  so  that  each  section  of  eight  carbons  may  be  either 
lifted  clear  of  the  beakers  or  lowered,  as  required,  in  one 
movement. 

Cathode  Connection  Rod. — This  runs  along  the  front  side 
of  the  frame,  slightly  above  the  top,  and  about  2  inches  from 
it ;  at  suitable  intervals  along  the  rod  are  soldered  eight  single 
flexible  insulated  wires,  forming  a  connection  for  the  lead 
cathodes. 

Description  of  the  Cathodes. — The  cathodes  are  made  from 
ordinary  assay  lead  foil,  a  suitable  length  being  9  inches,  and 
as  the  foil  is  usually  obtained  in  strips  of  36  inches  long,  a  good 
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quantity  of  tlic  necessary  lengths  may  be  obtainerl  in  a  short 
time  by  cutting  the  strips  of  foil  into  four  equal  portions. 
About  a  dozen  of  the  lengths  are  placed  together  and  a  shaped 
pieces  cut  out  from  along  the  edge  intended  for  the  bottom  of 
the  cathode ;  this  is  to  allow  for  the  better  circulation  of  the  ions 
through  the  solution.  -Arrangement  has  to  be  made  for  connecting 
up  the  flexible  wire  from  the  cathode  rod ;  for  this  purpose  a 
strip  about  ^  inch  broad  is  all  but  severed  from  one  end  of 
the  foil,  and  is  folded  over,  forming  a  terminal. 

The  two  ends  of  the  lead  are  brought  together  and  con- 
nected by  folding  the  edges ;  to  ensure  a  smooth  surface  and 
circular  shape  a  glass  bottle,  having  a  slightly  smaller  diameter 
than  the  inside  of  the  beakers  in  use,  will  be  found  to  be  con- 
venient for  this  operation.  Very  little  time  is  occupied  in 
making  the  cathodes ;  a  native  can,  during  a  very  few  hours, 
make  a  sufificient  number  for  200  or  300  assays. 

The  necessary  current  for  the  deposition  of  the  gold  In 
solution  on  to  the  cathode  is  obtained  from  three  2-volt 
accumulator  cells,  which,  being  connected  in  series,  give  a 
terminal  pressure  of  just  over  six  volts.  The  amperage  varies, 
of  course,  with  the  resistance  offered  by  the  solution  through 
which  it  passes,  i.e.,  the  stronger  the  solution  is  in  KCN,  the 
greater  will  be  the  amperage.  For  example,  a  solution  having 
a  strength  of  0.3  per  cent.  KCN  passes  o.i  of  an  ampere,  and  a 
slime  solution  (0.02  per  cent.  KCN)  will  give  a  current  of 
about  0.04  ampere. 

The  accumulators  may  be  charged  from  a  direct  current 
lighting  circuit  through  a  suitable  lamp  resistance,  and  connec- 
tion may  be  effected  between  the  lighting  circuit  and  accumu- 
lators, or  accumulators  and  electrolytic  apparatus,  as  desired, 
by  means  of  two-way  switches. 

The  time  required  for  the  complete  deposition  of  the  gold 
is  four  hours,  after  which  period  the  carbons  are  removed  clear 
of  the  beakers,  the  current  is  switched  off,  and  the  lead  cathodes 
disconnected  and  removed  to  a  hot  plate  to  dry.  When  dry 
these  are  folded  into  a  small  Inilk  and  cupelled  with  a  little 
silver,  parted  and  weighed. 

Measured  c|uantities  of  the  solution,  whether  20  A.T.  or 
10  A.T.,  require  the  same  amount  of  time  for  the  complete 
deposition  of  the  gold  on  to  the  cathodes. 
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Precautions  should  be  taken  against  having  the  'carbon 
anodes  in  contact  with  gold-bearing  solution  in  the  absence  of 
any  current  passing  through ;  negligence  in  this  particular  results 
in  gold  being  precipitated  on  the  anode. 

In  the  event  of  a  solution  offering  too  great  a  resistance  to 
the  current,  the  addition  of  a  small  quantity  of  KCN  will  remedy 
this,  and  accelerate  the  deposition  of  gold. 

It  has  also  been  found  advantageous  to  add  a  little  ammonia 
to  solutions  which  deposit  salts. 

Acid  Washes. — These,  sometimes  known  as  "  filter  press 
samples."  are  usually  amenable  to  any  of  the  foregoing  methods; 
if  however  trouble  is  experienced,  the  following  scheme  should 
be  tried : 

To  lo  A.T.  of  the  solution  add  lo  c.c.  of  lo  per  cent,  copper 
sulphate,  boil,  add  i  or  2  grams  of  zinc  fume  until  the  colour 
is  discharged,  boil  well  and  add  10  c.c.  of  25  per  cent,  sulphuric 
acid,  filter,  and  proceed  as  in  the  ordinary  solution  assay. 

6.  Aluminium  Method. 

The  solution  for  assay  is  measured  into  a  beaker  and  a 
piece  of  aluminium  sheet  placed  in  the  solution.  A  few  c.c. 
of  sulphuric  acid  are  added,  and  the  mixture  boiled ;  ten  minutes 
will  precipitate  all  the  gold.  The  aluminium  is  removed  and 
washed  into  the  beaker  with  a  jet  of  water.  The  solution  is 
then  filtered,  and  the  filter  paper  with  the  precipitated  gold  is 
fused  and  cupelled  in  the  usual  way.  This  method  is  given 
with  reserve,  as  it  is  not  exact  with  poor  solutions. 

Sampling  of  Gold  Bullion. 

The  Dip  Sample. — The  molten  metal  is  thoroughly  stirred, 
the  practice  of  the  "Royal  Mint"  being  to  stir  100  times;  a 
plumbago  sampler,  which  has  been  previously  heated  to  red- 
ness, is  then  inserted  into  the  metal  with  a  stirring  motion ;  the 
sampler  should  reach  at  least  half-way  to  the  bottom  of  the 
charge. 

The  dipper,  or  sampler,  is  then  withdrawn  and  without 
deky  the  metal  is  poured  from  the  sampler  through  water  into 
an  evaporating  basin  which  lies  at  the  bottom  of  a  bucket  of 
clean  water;  the  basin  is  removed,  the  water  decanted  off,  and 
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the  sample  cleaned  witli  concentrated  hydrochloric  acid;  some- 
times it  will  be  found  necessary  to  heat  the  acid  to  obtain  a 
clean  sample.  The  acid  is  poured  off,  the  sample  thoroughly 
washed  with  tap-water  and  dried. 

Aluminium  is  the  most  suitable  of  metals  from  which  to 
make  a  drying  dish,  as  it  does  not  become  discoloured  easily 
by  the  traces  of  acid  left  after  washing. 

A  convenient  tray  for  storing  bullion  samples  is  shown 
on  Plate  XXXII..  page  J_'o. 

Plumbago  bullion  samplers  may  be  purchased  or  cut  from 
old  "  salamander  '  crucibles. 

Unquestionably  dip  samples,  when  taken  with  proper  pre- 
cautions, give  the  most  accurate  results. 

The  Drill  Sample. — The  bar  to  be  sampled  is  first  wiped 
clean  from  moisture,  and  a  sharp  ^-inch  drill  is  sent  into  ;t 
to  a  depth  of  ^  inch  ;  the  resulting  drillings  are  discarded,  and 
the  same  hole  drilled  into  again  to  a  depth  of  ^  inch ;  this  gold 
is  emptied  on  to  a  ^-inch  steel  plate,  which  latter  is  kept  (in 
common  with  all  apparatus  which  comes  in  contact  with  gold) 
spotlessly  clean.  The  drillings  are  brushed  from  the  plate  on 
to  a  clean  piece  of  black  glazed  paper;  the  same  drilling  opera- 
tion is  carried  out  on  the  reverse  side  of  the  bar,  and  at  the 
opposite  end  to  that  first  sampled.  The  resulting  pieces  of  gold 
are  mixed  with  those  from  the  first  sample  by  stirring  with 
a  powerful  magnet  to  which  any  steel  from  the  drill  adheres. 

Chip  Sample. — In  cases  where  ingots  are  known  to  be  over 
850  fine,  chip  samples  may  be  taken  with  a  chisel  from  the 
diagonally  opposite  top  and  bottom  corners. 

Bullion  Assay. 

The  result  of  a  bullion  assay  is  reported  as  "  fineness  "  in 
parts  per  thousand,  and  since  0.5  of  a  gram  is  a  convenient 
quantity  to  take  for  assay,  that  is  the  amount  usually  taken, 
namely,  1,000  Yi  mgms.  or  1,000  units.  Then  the  weight  of  the 
fine  gold  resulting  from  the  operations  in  half-mgms.  or  units 
should  represent  the  fineness  of  the  bullion  under  investigation. 

In  practice,  however,  a  small  correction  is  usually  required, 
there  being  sometimes  an  appreciable  loss  of  gold  during  cupel- 
lation ;  on  the  other  hand,  it  is  impossible  to  extract  the  last 
traces  of  silver  from  the  cornets. 
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To  correct  such  errors  a  check  assay  is  conducted; 
this  is  made  up  of  an  exactly  weighed  amount  of  check  gold, 
with  copper  and  silver  in  as  nearly  as  possible  the  same  pro- 
portions as  are  contained  in  the  bullion  under  examination. 

This  check  is  treated  with  the  assays,  and  subjected  to 
the  same  conditions  throughout  •  any  gain  or  loss  in  the  result 
of  the  check  mvist  therefore  be  subtracted  from  or  added  to 
the  result  of  the  assay  proper.*  A  gain  in  the  check  is  the  usual 
thing;  losses  are  not  frequent,  and  should  be  viewed  with 
suspicion.  It  is  almost  impossible  for  them  to  occur  except  as  a 
result  of  one  or  more  of  the  six  causes  given  below : 

1.  Careless  handling; 

2.  Cupel   absorption ;   which   becomes   more  marked   in    its 

importance  as  the  proportion  of  lead   to    the    precious 
metals  increases ; 

3.  The  use  of  impure  check  gold ; 

4.  A  faulty  cupel ; 

5.  Excessive  cupellation  temperature ;  and 

6.  The  use  of  impure  acid. 

Only  in  the  case  of  impure  acid  would  the  accuracy  of  the 
results  not  be  afifected  should  the  check  loss  be  accepted  as  a 
legitimate  one,  since  the  check  assay  will  lose  equally  with  the 
assays  proper ;  if  the  check  variation  is  found  to  be  due  to  cause 
I,  2,  3,  4,  or  5,  the  assay  must  be  repeated.  Thus,  as  stated 
above,  a  minus  surcharge  is  suspicious,  and  calls  for  investigation. 

Mode  of  Assay. — As  it  is  somewhat  tedious  to  weigh  out 
exactly  0.5  gram  {i.e.,  1,000  parts)  for  assay,  the  weight  taken 
is  generally  brought  to  within  0.25  of  a  mgm.,  or  0.5  of  one 
thousandth,  which  should  always  be  in  excess  of  1,000;  the 
exact  weight  is  then  noted. 

Pieces  of  lead  foil  are  cut  and  placed  on  a  cupel  tray  (see 
gear  shown  on  Plate  XXXII I.,  page  222.  The  amount  of  lead 
to  be  used  should  be  governed  by  the  fineness  of  the  bullion. 
e.g.: 

Bullion  Fineness.  Lead  Required. 

950  —  1,000 2  grams. 

900  —      950 4  grams. 

800  —      900 6  grams. 

*  This  gain  or  loss  is  called  the  "  surcharge." 
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The  last  is  a  ratio  of  12  to  i  when  ^  a  gram  of  the  sample 
is  taken. 

For  bullion  under  800.  4  grams  of  lead  should  l)e  added  for 
each  100  below  800. 

To  the  conical  lead  cups  prepared  for  the  assays  are  added 
about  25  mgm.  of  electrolytic  copper,  and  to  that  of  the  check 
about  40  mgm. 

If  the  same  gauge  of  copper  wire  or  foil  be  always  used 
the  metal  need  not  be  weighed,  as  the  required  weight  can  be 
cut  off  by  use  of  a  template.  The  reason  for  the  addition  of  this 
copper  is  to  prevent  the  phenomenon  technically  known  as 
"  vegetation  "  when  the  cupels  are  removed  from  a  hot  muffle ; 
extra  copper  is  added  to  the  check,  there  being  no  copper  in 
the  check  gold,  the  aim  being  to  render  the  check  as  nearly 
representative  of  the  assays  as  practicable. 

The  silver  may  be  added  in  the  form  of  wire;  that  of  24 
S.W.G.  will  be  found  convenient.  Once  the  exact  length  which 
gives  the  required  weight  has  been  ascertained,  the  wire  need 
only  be  cut  into  pieces  of  that  length,  and  thus  many  may  be 
prepared  quickly  in  readiness  for  future  assays. 

The  amount  of  silver  adfled  should  be  such  that  the  resulting 
alloy  does  not  contain  less  than  2.2  parts  of  silver  to  one  of 
gold,  or  more  than  2.5  of  silver  to  one  of  gold ;  the  full  equivalent 
weight  of  silver  to  that  of  gold  being  added  to  the  check.  If 
sheet  silver  is  used,  it  will  be  found  convenient  to  use  a  punch 
of  such  size  as  to  cut  discs  of  approximately  correct  weight. 

The  silver  and  copper  having  been  placed  in  the  lead  cones, 
it  only  remains  to  add  the  gold. 

The  weight  of  check  gold  decided  upon  is  now  accurately 
weighed,  placed  in  its  appointed  lead  cone,  and  carefully  and 
securely  wrapped  up. 

From  the  sample  of  bullion  pieces  are  placed  in  the  left-hand 
pan  till  the  amount  is  slightly  heavier  than  the  1,000  weight 
already  placed  in  the  right-hand  pan.  The  pan  containing  the 
sample  is  taken  ofT,  a  large  piece  of  the  gold  removed,  held  firmly 
in  a  strong  pair  of  pliers,  and  cut  with  a  pair  of  shears  till  the 
weight  is,  say,  1,001.  In  order  to  bring  the  weight  to  within  0.5 
of  1,000,  a  piece  of  the  gold  is  gripped  with  the  pliers  and  care- 
fully rubbed  on  a  file  which  is  fixed  inside  a  metal  box  to  catch 
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the  filings.  Before  replacing  the  gold  in  the  pan  it  should  be 
brushed  to  remove  any  loose  filings. 

Having  obtained  the  desired  weight,  the  contents  of  the  pan 
are  placed  in  the  lead  cone,  and  the  pan  carefully  brushed  over 
the  cone  to  ensure  that  all  is  transferred  to  the  cone. 

The  cone  is  now  securely  v/rapped  up  and  replaced  in  the 
cupel  tray. 

Duplicate,  or  preferably  triplicate,  weighings  are  taken  of  all 
bullion  samples,  and  carefully  entered  in  the  bullion  book. 

The  assays  are  now  placed  in  the  cupels,  which  have  already 
been  put  in  the  muffie  and  attained  the  muffle  temperature, 
which  should  be  about  i,ioo°  C.,  the  heat  being  kept  constant 
during  cupellation.  After  having  remained  in  the  muffle  for 
about  20  minutes  the  cupels  may  be  carefully  removed  and 
allowed  to  cool  on  the  plate  in  front  of  the  muffle  till  the  buttons 
have  solidified,  when  they  are  replaced  in  the  cupel  tray  and  taken 
to  the  anvil,  where  each  button  is  gripped  with  the  pliers,  placed 
on  its  edge  and  struck  lightly  with  a  hammer  to  release  any 
adhering  cupel  material,  the  last  traces  of  which  are  brushed  off 
with  a  hog's-hair  brush. 

The  bottom  is  then  flattened  with  a  few  sharp  blows  with  a 
hammer,  and  when  each  has  been  treated  in  this  way,  the  batch 
is  placed  in  a  suitable  receptacle  and  annealed  in  the  muffle  at  a 
temperature  of  about  700°  C.  If  possible,  bullion  work  should 
be  done  in  the  day-time,  as  muffle  temperatures  are  sure  to  be 
overestimated  when  working  at  night,  unless  the  assayer  is  very 
experienced  in  light  contrasts.  On  removal  each  button  is  rolled 
in  the  flatting  mill  to  a  ribbon  of  about  three  inches  in  length; 
these  ribbons  are  then  annealed  (700°  C),  rolled  into  a  cornet 
with  the  fingers,  and  placed  in  the  parting  apparatus,  which  con- 
sists of  a  nest  of  small  cups  made  of  either  platinum  or  silica 
supported  in  a  frame  of  the  same  material ;  the  first  cup  is 
identified  by  means  of  a  handle  or  other  distinguishing  mark. 

Parting. — This  operation  is  performed  in  two  acids,  the 
first  being  30  per  cent,  nitric  acid  (sp.  gr.  1.18),  and  the  second 
70  per  cent.  (sp.  gr.  1.42).  The  parting  apparatus  is  gently 
lowered  into  a  glass  beaker  containing  sufficient  boibng  weak  (or 
first)  acid  by  means  of  a  hook-shaped  glass  rod  or  platinum 
wire.  When  the  action  has  nearly  ceased  the  apparatus  is 
removed,  drained  on  a  piece   of  blotting  paper,   and  placed   in 
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the  boiling  strong  acid  (70  per  cent.),  where  it  remains  for  20 
minutes  (see  photograph  of  parting  hot-plates,  Plate  XXXI V^, 
Figs.  I  and  _>,  page  22^). 

The  apparatus  is  then  removed,  drained,  thoroughly  washed 
in  boiling  distilled  water  followed  by  several  cold  water  washes, 
drained,  dried  and  annealed  in  the  muffle  at  a  dull  red  heat. 

If  the  apparatus  is  of  platinum,  and  the  final  annealing 
carried  out  at  too  high  a  temperature,  there  is  a  tendency  for 
the  cornets  to  stick  to  the  cups ;  this  may  also  happen  with  too 
low  a  temperature,  according  to  Rose,*  but  does  not  occur  when 
the  silica  apparatus  is  employed,  and  is  one  of  the  reasons  for 
the  use  of  the  latter. 

After  cooling,  the  cornets  which  have  the  colour  of  ripe 
corn  and  a  characteristic  silky  appearance  may  be  tipped  out  by 
inverting  the  cups  and  lightly  tapping  them.  They  are  now 
weighed  (see  "  useful  weights,"  Plate  XXIII.,  at  "  A,''  page  202) 
and  entered  in  the  "  Bullion  ''  Book,  e.g. : 


Descrip- 
tion 

Weight 

taken  1,000  = 

i  Oram. 

Weight 
Obtained. 

Adjusted 
Weight. 

Average. 

Check. 

Corrected 
Fineness. 

Fine 

Gold 

Report«d. 

Mill  8 

and 
Mill  9 

flOOO.l 
\  1000.2 
[10002 

918  5 
918.4 
918.4 

918.4^1 
918.2  'r 

9I8.2J 

9183 

+  A 

917.9 

918.0 

As  shown  in  the  above,  it  is  usual  to  report  to  the  nearest 
J^  part  per  thousand.  A  photograph  showing  gear  sometimes 
used  for  bullion  assaying  is  shown  on  page  222. 

Estimation  of  Silver. — In  order  to  estimate  the  silver  in 
bullion,  proceed  with  an  extra  assay  precisely  as  in  the  case  of 
the  gold  estimation,  but  omitting  the  inquartation  and  the  copper 
addition.  The  weight  of  the  resulting  button  of  bullion  (gold 
and  silver)  is  deducted  from  the  weight  taken,  i.e.,  1,000;  the 
difference  represents  the  base  metal.  The  gold  fineness  plus 
the  base  metal  deducted  from  the  original  weight  taken  equals 
the  silver  fineness.  In  work  of  any  importance,  a  check  of 
similar  composition  to  the  assay  should  be  put  throygh  the 
process,  in  order  to  ascertain  the  error  due  to  volatility  of  silver 
or  cupel  absorption. 


*  Metallurgy  of  Gold. 


52 

All  bullion  samples  should  be  kept  until  such  time  as  it  is 
known   that  they   will   not  be   required    for  checking  purposes. 

Lead  Bullion. — The  samples  of  this  product  are  usually 
received  at  the  assay  office  in  the  granulated  form.  If  the  bath 
of  molten  lead  has  been  well  stirred  before  taking  the  dip,  the 
sample  will  be  thoroughly  representative.  So  perfect  is  the 
mixture  of  metals  in  the  alloy  that  in  disposing  of  lead  bullion 
a  difference  of  0.2  per  cent,  between  the  buyer's  and  seller's 
assays  is  the  greatest  variation  allowed,  without  proceeding  to 
arbitration. 

Since  the  result  of  this  assay  is  the  earliest  reliable  infor- 
mation the  reduction  officer  can  obtain  as  to  the  quantity  of 
gold  he  may  expect  from  the  cyanide  clean-up,  it  is  usually 
required  as  soon  as  possible.  The  method  of  assay,  being  merely 
that  of  cupellation  and  parting,  is  a  very  simple  matter,  requiring, 
however,  certain  important  precautions. 

(a)  The  sample  must  be  thoroughly  dry.  The  drying  must 
never  be  forced,  i.e.,  the  temperature  must  always  be  well  below 
the  melting-point  of  lead. 

(b)  The  granules  must  be  freed  from  all  slag  (litharge) 
which  may  have  formed  during  the  act  of  sampling.  This 
is  done  by  rolling  them  on  a  hard  surface  and  blowing  away 
the  separated  slag. 

Of  the  lead  thus  cleaned  and  dried  5  grams,  or  such  weight 
as  is  the  assayer's  custom,  are  taken,  having  been  carefully 
weighed  on  the  chemical  balance,  and  wrapped  in  lead  foil,  put 
into  a  hot  cupel  and  watched  until  fusion  is  complete  in  order  to 
ensure  that  spirting  has  not  taken  place.  The  assay  of  lead 
bullion  is  usually  done  in  duplicate  or  triplicate,  and  the  first 
report  is  made  at  once  in  terms  of  bullion,  the  fine  gold  result 
being  reported   after  parting. 

Purchases  of  lead  containing  gold  are  sometimes  made  from 
smelting  works,  so  that  an  estimation  of  the  gold  content  is 
called  for.  The  lead  will  be  in  the  form  of  pigs  of  about  1,000 
ozs.  each.  Cuttings  of  lead  are  taken  from  a  corner  of  each 
pig,  or  if  a  large  quantity  is  being  handled  from  every  fifth  or 
tenth  pig.  When  these  are  received  at  the  assay  office  they  are 
hammered  flat,  each  piece  cut  in  half  by  shears,  one  half 
being  retained  for  check  purposes  in  case  of  disagreement,  and 
from  the  other  halves  are  cut  small  pieces  as  nearly  as  possible 
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of  equal  weight  for  assay,  which  is  conducted  as  in  the  case  of 
the  granulated  lead  above  described. 

It  may  sometimes  happen  that  the  lead  bullion  contains  an 
appreciable  amount  of  co])per,  in  which  case  it  may  he  found 
necessary  to  remove  it  by  scorification  prior  to  cupellation. 


CHAPTER  VI. 
ASSAY    OF   BY-PRODUCTS,    SCORIFICATION,    ETC. 

By-products  comprise  concentrates  and  black  sands,  pots  and 
liners,  fine  iron,  batter}^  chips,  screening,  batea-amalgam  residue, 
hydrates,  furnace  ashes,  lime-scalings  from  launders,  blanket 
ash,  slag,  etc. 

The  sampling  of  this  class  of  material  requires  great  care 
in  order  that  a  thoroughly  representative  sample  may  be  obtained ; 
this  can  be  done  by  mixing  the  bulk  and  quartering  down. 

Some  of  these  samples  may  contain  gold  in  the  coarse  state 
or  metallics  carrying  gold ;  it  will  then  be  necessary,  after  drying, 
to  weigh  the  whole  sample,  crush  it  to  pass  through  a  60  sieve, 
the  metallics  which  fail  to  pass  being  assayed  separately.  The 
resulting  value  is  calculated  over  the  total  weight  and  added 
to  that  of  the  assay  of  the  rest. 

Hydrates  which  may  contain  up  to  60  per  cent,  or  70  per 
cent,  moisture  can  Tdc  sampled  with  a  cheese  sampler,  the  portion 
taken  being  dried  and  sieved.  It  is  essential  that  all  dishes  and 
apparatus  used  for  by-products  shall  be  kept  solely  for  this  work 
and  marked  accordingly  to  avoid  contamination  of  routine 
sam^ples.  If  possible,  the  work  should  be  done  in  a  special  room, 
or,  failing  that,  after  the  routine  work  of  the  office  has  been 
completed. 

By-products  vary  so  much  in  composition  that  no  standard 
treatment  as  regards  fluxing  can  be  usefully  laid  down  or 
adhered  to,  and  it  is  advisable  to  run  a  preliminary  assay  to  arrive 
at  a  suitable  flux  and,  at  the  same  time,  to  ascertain  the  amount 
of  silver  necessary  for  parting. 

Six  lots  of  Yz  assay  ton  are  usually  taken  of  the  assay  proper, 
the  silver  being  added  during  fluxing. 

Miscellaneous  concentrates  and  black  sands  may  be  fluxed 
in  the  following  manner : — 

Material 0.5  assay  ton. 

Sodium  carbonate i.o       ,,         ,, 
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Litharge 2.5  assay  tons. 

Borax 0.7       ..      ton. 

Silica 0.3 

A  reducing  agent  is  usually  unnecessary. 

Heat  for  ten  minutes,  add  one  6-inch  nail  (iron),  heat  for  a 
further  eight  minutes,  when  fusion  slrould  he  complete ;  wash  the 
nail  in  the  slag  and  remove,  then  add  as  a  final  wash : 

Litharge i  assay  ton. 

Borax 0.2 

with  sufficient  reducing  agent  to  bring  down  all  the  litharge  in 
the  wash.     Pour  when  the  fusion  is  tranquil. 

Pots  and  Liners. — The  sample  is  reduced  to  pass  a  30-mesh 
sieve  and  assayed  in  duplicate  or  triplicate.  One  assay  ton  is 
placed  in  a  roasting  dish,  the  bottom  of  which  has  been  covered 
with  precipitated  silica    (about  3^   A.T.). 

When  roasting  is  complete  the  sample,  on  cooling,  will  pre- 
sent a  pale  brown  colour;  it  is  then  carefully  removed  from  the 
roasting  dish  to  a  Wedgwood  mortar  containing  33^-^  assay  tons 
of  stock  flux  (page  179)  and  sufficient  reducing  agent  to  produce 
a  30-gram  button. 

The  charge  is  then  intimately  mixed.  Stock  flux  may  be 
used  for  this  assay,  since  the  roasted  product  is  mostly  silicious. 
When  the  fusion  is  tranquil  add  the  wash  described  under  mis- 
cellaneous concentrates  and  black  sands. 

Furnace  Ashes  and  Blanket  Ash  are  assayed  in  the  same 
way. 

Fine  Iron  is  the  minus  10  product  obtained  by  grinding  old 
battery  screening  and  iron  in  a  ball  mill. 

It  is  usual  to  accumulate  this  material  in  the  open,  where  is 
becomes  weathered  or  rusted :  The  metallic  iron  in  this  by- 
product is  so  finely  divided  as  to  be  readily  dissolved  in  the 
slag  during  fusion,  and  requires  no  preliminary  treatment. 

The  following  is  a  suitable  charge : — 

Fine  Iron 0.5  assay  ton. 

Sodium  carbonate     0.3       ,,  ,. 

Litharge 2.5       ,,  ,, 

Borax i.o       „  „ 

Silica 0.3       „ 
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Reducing  agent  is  added  in  excess  of  that  needed  to  reduce 
the  litharge  on  account  of  the  presence  of  the  higher  oxide  of 
iron.  When  the  fusion  is  tranquil  add  the  same  wash  as  for 
concentrates,  etc. 

Batea  Amalgam  Residue. — This  sample  is  a  very  complex 
one;  it  often  contains  large  lumps  of  amalgamated  material 
weighing  as  much  as  two  ounces  each,  together  with  fine 
amalgam,  concentrates  and  other  gold-bearing  matter ;  it  is 
therefore  impossible  to  obtain  a  representative  small  portion  for 
assay,  and  for  this  reason  the  whole  of  the  sample  should  be 
treated. 

The  weight  of  the  sample  is  noted ;  it  is  then  placed  in  a 
sufficiently  large  tared  clay  crucible  and  the  mercury  driven  off, 
preferably  in  the  smelting  works.  The  loss  in  weight  of  the 
sample  is  reported  as  mercury  per  cent.  The  crucible  is  then 
placed  inside  a  salamander  crucible  for  safety  in  case  it  should 
break,  and  a  flux  consisting  of  sodic  carbonate,  borax  and  sand 
is  placed  on  top  and  the  contents  fused. 

A\'hen  fusion  is  complete  the  sample  is  thoroughly  stirred 
and  a  dip  sample  taken.  The  metal  is  then  poured  into  a  mould, 
cleaned  and  weighed,  the  fineness  being  estimated  by  making  a 
bullion  determination  on  the  dip  sample. 

The  percentage  of  the  gold  and  silver  in  the  original  is  then 
calculated. 

Hydrates. — This  sample  consists  for  the  most  part  of  the 
W'hite  precipitate  from  zinc  boxes  mixed  with  a  small  quantity 
of  extractor  house  sweepings.  The  sampling  is  described  above. 
Of  the  dried  sample  0.5  assay  ton  is  taken  and  mixed  with  the 
following  flux : — 

Sodium  carbonate i     assay  ton. 

Litharge 1.5      „  „ 

Fluorspar 0.5      ,,  ,, 

Silica 0.5      „ 

and  reducing  agent  to  give  a  30-gram  button.     The  assay  is  then 
completed  in  the  ordinary  way. 

Lime  Scaling  from  launders  and  pipes  is  fluxed  as  follows: 

Lime    Scaling i     assay  ton. 

Sodium  carbonate 0.5     „         „ 

Litharge    1.5      „       „ 
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Silica 0.3     „       „ 

Borax 0.3     „       „ 

and  reducing  agent   for  a  3c)-grain  button. 

Gold  in  Presence  of  Iridium  Metals. — The  assay  of  the  by- 
pro(hict,  black  sand  or  fine  iron,  is  performed  in  the  usual 
way  until  the  bead  of  impure  gold  is  obtained.  After  parting 
dissolve  the  impure  gold  in  aqua  regia,  and  pass  the  diluted 
solution  through  a  small  filter  paper  to  remove  undissolved 
osmiridium,  etc. ;  wash  thoroughly  with  boiling  water, 
and  to  the  filtrate  add  sufficient  20  per  cent.  NaOH  to 
decolorise  completely  and  render  alkaline ;  then  add  from  10  to 
20  c.c.  of  H.Oo    (20  vol.   strength).  Boil   till   evolution    of 

oxygen  ceases,  and  collect  the  precipitate  of  crude  gold  on  a  9 
cm.  filter  paper.  Dry  the  filter  pa])er  and  contents,  scorify  with 
test  lead,  and  finally  cupel,  having  first  added  the  necessary 
silver,  part  and  weigh.  The  platinoid  metals  remain  in  the 
alkaline  filtrate. 

The  presence  of  iridium  is  often  indicated  after  cupellation 
by  the  breaking  up  of  the  prill ;  this  is  prevented  by  the  addition 
of  a  large  excess  of  silver. 

The  occurrence  of  small  black  spots  on  the  flattened  gold 
bead  is  another  indication  of  the  presence  of  small  quantities  of 
iridium. 

Roasting. 

The  ore  may  be  roasted  in  the  muffle.  There  are  certain 
points  to  observe  in  the  successful  handling  of  this  operation. 

A  weighed  portion  of  the  sample  must  be  spread  around  the 
roasting  dish  and  stirred  gently  with  a  platinum  or  iron  wire 
until  danger  of  fusion  is  past. 

The  heat  should  be  applied  gradually  and  not  carried  above 
blood  red  (about  550°  C)  for  some  time;  the  heat  is  gradually 
raised,  and  finally  brought  to  a  full  red   (about  750°   C.). 

Too  high  a  temperature  at  the  commencement  may  cause 
the  fusion  of  sulphides,  a  matter  being  formed  which  prevents 
thorough  roasting;  also  rapid  disengagement  of  the  fumes  of 
arsenic,  antimony  or  zinc  may  cause  mechanical  loss.  The 
operation  is  finished  when,  after  keeping  the  dish  at  a  full  red 
heat  for  some  time,  no  fumes  can  be  seen  or  smelt — when  the 
roast  is  said  to  be  "  sweet." 
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If  copper  sulphate  be  present,  cool  after  roasting,  and  mix 
ammonium  carbonate  with  the  ore  and  again  heat  until  the  fumes 
have  ceased.  The  sulphates  are  converted  into  ammonium 
sulphate,  which  is  volatile  and  passes  off. 

The  presence  of  arsenic  and  antimony  necessitates  the 
addition  of  fine  charcoal  after  the  roasting  is  apparently  com- 
pleted;  the  charge  is  then  re-roasted  in  order  to  reduce  and 
then  re-oxidize  and  volatilize  the  oxides  formed.  Care  must  be 
taken  to  burn  out  all  the  charcoal.  Should  the  ore  contain  a 
fusible  sulphide  such  as  galena  or  antimony-glance,  sintering  may 
be  checked  by  mixing  precipitated  silica  or  fine  sand  with  it 
before  roasting.  Indeed,  the  addition  of  silica  to  all  roasting 
charges  is  advantageous. 

Little  difficulty  presents  itself  in  the  "  fluxing  "  of  roasted 
products,  and  the  amount  of  reducing  agent  necessary  to  give  a 
lead  button  of  reasonable  size  can  usually  be  judged  from  the 
appearance  of  the  roast. 

SCORIFICATION. 

Scorification  is  a  process  of  oxidation ;  the  ore  is  mixed 
with  granulated  lead  together  with  a  little  borax  and  placed 
in  a  scorifier  in  the  muffle.  The  lead  and  borax  melt,  the  ore 
floating  on  the  bath  of  lead.  Sulphur,  arsenic,  etc.,  are  oxidised 
and  volatilised ;  the  lead  then  commences  to  oxidise,  at  the  same 
time  forming  a  slag  with  the  gangue  and  non-volatile  metals,  and 
also  with  the  material  of  the  scorifier.  The  precious  metals 
remain  in  the  molten  lead,  and  scorification  is  usually  complete 
when  the  slag  entirely  covers  the  lead.  The  scorifier  is  then 
removed  from  the  muffle  with  scorifier  tongs,  and  the  contents 
poured  into  a  scorifier  mould.  On  cooling  the  slag  is  detached, 
and  the  button,  if  subsequently  found  to  be  hard  or  brittle,  is 
re-scorified,  with  additional  lead  when  necessary,  and  having 
been  thus  purified,  it  is  hammered  free  from  slag,  and  is  ready 
for  cupellation. 

About  I -4th  to  I -20th  of  an  assay  ton  of  ore — according  to  its 
richness — and  from  8  to  12  times  its  weight  of  lead  may  be 
taken. 

The  ore  and  half  of  the  lead  are  mixed  and  placed  in  the 
bottom  of  the  scorifier;  the  remaining  lead  covers  the  mixture, 
together  with  2  grams  of  borax. 
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Four  distinct  periods  may  be  noted  during  the  process  de- 
scribed, viz. : — melting  of  the  lead  and  borax,  roasting,  fusion 
and  finally  scorification. 

The  scorifier  is  first  placed  at  the  mouth  of  the  muffle  and 
gradually  brought  to  the  desired  temperature  by  moving  it 
further  in.  The  slag,  as  it  forms,  flows  to  the  periphery  of 
the  bath  of  lead,  where  it  accumulates  in  the  form  of  a  gradually 
increasing  ring  until  the  whole  of  the  bath  is  covered ;  this  final 
stage  is  technically  known  as  "  the  closing  of  the  eye." 

With  rich  samples,  before  pouring,  a  little  charcoal  wrapped 
in  tissue  paper  should  be  dropped  on  the  surface,  and  the  charge 
poured  when  all  action  has  ceased.  This  "  cleans  "  the  slag,  but 
a  safer  method  is  to  re-assay  the  slag  and  add  the  result  to 
the  original. 

E.xcept  in  the  case  of  rich  ores^  especially  silver,  the  scorifica- 
tion assay  has  given  place  to  the  crucible  method.  The  latter  is 
particularly  useful  with  low-grade  ores,  as  a  much  larger 
quantity  can  be  taken  for  assay.  Scorification  is  very  useful, 
however,  in  particular  cases  as  an  auxiliary  to  the  crucible 
method  for  the  purpose  of  purifying  or  reducing  the  size  of 
lead  buttons  obtained  from  fusions  prior  to  cupellation. 
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CHAPTER    VII. 
GRADING    TESTS. 

The  extraction  of  gold  from  the  ore  of  the  Rand  has  become 
such  a  highly  specialized  process  that  the  most  definite  informa- 
tion is  required  with  regard  to  the  physical  condition  of  the 
different  constituents  of  the  crushed  ore. 

The  information  is  obtained  through  careful  classification 
by  means  of  grading-sieves,  combined  with  the  assay  values  of 
these  products. 

The  relative  importance  of  the  grader  to  the  crushing 
department  may  be  compared  to  that  of  the  assayer  to  the  gold 
extraction  processes. 

The  work  of  the  grader  enables  the  following  data  to  be 
arrived  at : 

(i)  The  duty  or  tonnage  crushed  by  the  battery  per  stamp 
per  24  hours  under  varying  conditions  of  mill  screening,  drop, 
speed,  etc. 

(2)  The  duty  performed  by  the  tube-mills,  that  is,  the 
amount  of  coarse  material  reduced  by  them  to  a  fine  product  in 
a  given  time. 

(3)  The  efficiency  of  the  classifiers. 

(4)  The  efficiency  of  slime  separation  in  the  collecting  and 
treatment  tanks. 

(5)  Confirmatory  evidence  of  abnormal  assay  results  and 
considerable  information  of  lesser  importance  which  is  called 
for  in  all  reduction  plants  from  time  to  time  owing  to  unusual 
occurrences. 

(i)  It  may  be  taken  as  an  axiom  that  the  larger  the  per- 
centage of  coarse  product  escaping  from  the  mortar  boxes,  the 
higher  the  duty  or  efficiency  of  the  mill,  since  it  is  the  aim  of 
the  mill-man  to  discharge  the  ore  from  the  mortar  box 
immediately  it  is  fine  enough  to  pass  the  mill  screening. 

(2)  The  estimation  of  the  tube-mill  duty  is  a  more  involved 
matter,  and  is  arrived  at  solely  from  grading  results. 
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The  calculation  is  made  from  Table  6  of  Schmitt's  tables, 
Appendix  \'.,  page  184. 

(3)  The  efficiency  of  the  classifiers  is  determined  by  the 
absence  of  as  much  coarse  material  as  possible  from  the  over- 
flow, and  by  its  presence  in  the  under-flow. 

(4)  Good  classification  of  slime  is  evidenced  by  the  pre- 
sence of  the  minimum  amount  or  total  absence  of  the  plus  2CX)- 
mesh  product. 

(5)  Abnormal  assay  results  are  often  found  to  be  due  to 
inefficient  crushing  and  classification. 

Apparatus  used  by  the  Grader. — This  consists  of : 
A  mechanical  grading  machine. 

Buckets,  hot  plates  (see  Plates  XX\'I.  and  XXVTI.,  ])ages 
208-210,   specially   designed    for   this   class  of    work. 

Drying  dishes,  a  pulp  balance  and  set  of  gram  weights. 

A   mason's   trowel,    spatula;. 

A  report  book. 

A  plentiful  supply  of  water  and  drainage. 

Sieves. — Standard  (Inst,  of  Mining  and  Metallurgy). 

Mesh  to  the  linear  inch  3c  60 

.Aperture   Cinches)      ...  .0166         .0083 

Diameter  of  the  wires  .0167         .0083 

When  purchasing  these  sieves,  it  will  be  found  that  they 
are  stamped  to  the  nearest  whole  decimal  place,  thus : 

.0055  ^^  stamped   .006,  or 

.CXD83  ,,  .01  (see  also  p.  250). 

The  only  practice  which  gives  accurate  results  is  combined 
wet  and  dry  grading.  The  sample  is  first  washed  through  the 
smallest  mesh  used  for  that  particular  sample,  to  remove  the 
minus  product ;  this  serves  to  clean  the  coarser  particles  from 
adhering  slime,  which  otherwise  would  retard  the  dry  grading, 
and  would  give  rise  to  an  inaccurate  result. 

The  use  of  a  mechanical  device  is  the  only  means  of 
eliminating  the  personal  equation  or  factor  during  sieving,  and 
so  obtaining  standard  results. 

Perhaps  the  most  likely  cause  of  inaccuracy  in  grading 
analysis  is  due  to  lack  of  attention  to  the  sieves  themselves,  for 
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the  smallest  tear  in  the  screening  will  cause  an  inaccurate  report 
on  the  sample  graded.  A  high  assay  value  on  a  sand  residue, 
for  instance,  in  such  a  case  would  he  completely  inexplicable 
when  every  other  condition  was  thought  to  be  in  perfect  order, 
and  the  accuracy  of  the  assay  report  may  consequently  be 
challenged.  The  sample  would  he  re-assayed  and  found  to  be 
correct,  and  eventually  the  examination  of  the  sieves  would  solve 
a  problem  which  never  would  have  arisen  if  strict  attention  had 
been  given  in  the  first  instance  to  the  grading  conditions. 

The  samples  sent  for  grading  are  as  follows:  "Screens," 
pulp  entering  tube  mill,  pulp  leaving  tube  mill,  mill  pulp,  sand 
charge  and  residue,  slime  charge  and  residue. 

In  all  cases,  before  weighing  off  the  portion  for  grading, 
the  samples  in  bulk  must  be  properly  prepared,  by  rubbing 
through  a  lo-mesh  sieve,  in  order  to  break  up  lumps.  Any 
portion  which  remains  on  the  lo-mesh  must  be  returned  to  the 
bulked  sample  and  thoroughly  mixed  in. 

For  "  screens  "  and  pulps  entering  the  tube-mills,  sieves  30, 
60,  and  90  are  used. 

For  pulp  leaving  tube  mills  60  and  90  only,  and  mill  pulp, 
sand  charge  or  residue  60,  90,  and  200. 

For  slime  the  only  sieve  required  is  the  200. 

Procedure.— In  all  cases  weigh  off  100  grams  of  the  sample 
except  with  slime  residue,  when  200  grams  are  taken,  and  place 
on  the  sieve  of  the  smallest  mesh  used  for  that  particular  sample. 

Wash  out  the  fine  material  either  under  a  tap  or  in  a  bucket 
of  water,  the  latter  being  preferable. 

The  sieve  with  its  coarse  contents  is  then  dried ;  the  dried 
material  is  transferred  to  the  top  sieve  of  the  nest  to  be  used, 
the  bottom  being  a  tin  dish. 

On  each  sieve  is  placed  one  or  more  rubber  balls  which 
prevent  the  sieve  from  clogging. 

The  nest  is  placed  in  the  mechanical  device  and  subjected 
to  agitation  for  three,  four,  or  five  minutes,  according  to  custom. 
It  is  then  taken  out,  and  the  product  remaining  on  each  sieve 
is  separately  weighed  and  reported  in  percentages.  The  firrest 
portion,  which  was  originally  washed  away,  is  estimated  by  the 
difference  required  to  bring  up  the  total  weighings  to  100  per 
cent. 
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Laboratory  Elutriation.* 

In  reduction  plants  the  method  used  for  separating  particles 
of  rock  of  different  sizes  depends  on  their  different  speeds  of 
settlement  in  water,  and  is  known  as  "  classification."  This  sub- 
ject is  fully  treated  in  an  appendix.  In  the  laboratory  the 
equivalent  operation  is  called  elutriation,  and  is  applied  particu- 
larly to  the  separation  of  very  fine  particles,  such  as  very  fine 
sand  from  slime,  thus  enabling  separations  to  be  made  beyond  the 
range  of  the  finest  screen  obtainable. 

Elutriation  of  Slime. — For  purposes  of  metallurgical  obser- 
vation, detection  of  colloids,  etc.,  the  elutriation  of  slime  is  best 
accomplished  without  previous  drying,  as  this  tends  to  alter  the 
actual  physical  condition  of  the  slime  pulp,  and  the  experiment 
should  be  made  in  an  elutriation  apparatus. 

Elutriation  Apparatus. — One  type  in  common  use  consists 
of  inverted  cone-shaped  vessels,  the  diameters  being  in  the 
proportion  of  i,  2,  4. 

Each  one  is  connected  by  means  of  rubber  tubing,  which 
allows  an  overflow  from  one  cone  to  the  base  of  the  other,  the 
cones  being  arranged  in  order  of  the  smaller  first.  The  head 
of  water  required  is  about  5  feet,  and  the  volume  passing 
through  about  500  c.c.  per  minute,  which  can  be  regulated  by 
the  stopcock  when  an  inspirator  is  used.  The  pulp  is  fed  into 
the  first  and  smaller  cone  gradually  by  means  of  a  funnel.  The 
overflow  from  the  last  cone  may  be  collected  in  an  enamelled 
bucket.     The  various  products  are  dried  and  weighed. 

*  See    Stadler,    "  Grading    Assays    by    Elutriation,"    C.M.M.    Journal, 
May.  1910. 
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CHAPTER    VIII. 

MINE   AIR. 

Sampling  of  Mine  Air. 

Samples  for  the  routine  analysis  of  air  for  COo  and  CO 
should  be  taken  in  dry,  clean  bottles,  not  by  displacement  of  water. 
The  nozzle  of  a  domestic  bellows  should  be  fitted  with  12  to  18 
inches  of  rubber  tube  so  that  the  far  end  can  reach  the  bottom  of 
the  sample  bottle.  Ten  puffs  of  the  bellows  will  then  completely 
displace  the  original  air  of  the  sample  bottle :  the  sampler  should 
turn  his  face  aside  while  sampling,  because  his  breath  contains 
5  per  cent,  of  COo.  and  a  portion  of  it  may  enter  the  valve  of 
the  bellows.  The  bottle  is  then  closed  with  a  rubber  stopper, 
which  must  be  tied  down  tightly,  since  on  taking  the  sample  to 
the  surface  an  internal  pressure  of  several  pounds  may  some- 
times come  to  bear  on  the  cork. 

The  size  of  sample  depends  on  the  accuracy  required :  600 
c.c.  is  sufficient  for  CO,  determinations  if  the  end-point  (see 
page  65)  is  got  within  i  or  2  drops  of  reagent.  For  CO 
determinations  the  minimum  sample  is  i  ,500  c.c. — and  a  "  Win- 
chester "  is  not  too  much. 

Estimation  of  Carbon  Dioxide  in  Mine  or  Atmospheric  Air. 

Pettoikofcr's  Method. 
Principle  of  the  Method. — A  known  volume  of  the  air  to  be 
examined  is  brought  into  intimate  contact  with  a  measured 
volume  of  a  standard  solution  of  barium  hydroxide.  The  amount 
of  barium  hydroxide,  over  that  required  to  combine  with  the 
carbon  dioxide,  is  then  estimated  by  titration  with  a  standard 
oxalic  acid  solution,  phenolphthalein  being  used  as  indicator. 

Solutions  required. —  (i)  Pure  crystallised  oxalic  acid 
(C2O4H2.2H2O),  1408  grams  to  a  litre  of  distilled  water;  the 
solution  should  be  preserved  in  a  brown  glass  bottle  and  stored 
in  the  dark. 

(2)  Barium  hydroxide  (Ba(OH)2.8H20)  14  grams  and 
0.5   gram   barium   chloride  to   the   litre.      Several   litres   of  this 
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may  conveniently  be  made  up  and  transferred  to  a  stock  aspirator 
bottle.     (See  Plate  V.) 

(3)    Phenolphthalein.  0.5  gram  in  100  c.c.  alcohol. 

Manipulation.— The  bottle  containing  the  air  .sample,  usually 
a  Winchester  quart,  is  inverted,  the  sto])per  removed  and  quickly 
replaced  by  the  neck  of  a  specially  prepared  flask.  This  flask 
contains  30  c.c.  of  the  barium  hydro.xide  solution,  and  its  neck  is 
fitted  with  a  short  piece  of  thick  rubber  tubing,  thick  enough  to 
fit  tightly  in  the  mouth  of  the  Winchester  quart,  which  is  then 
re-mverted.  Thus  the  barium  hydro.xide  is  brought  into  contact 
with  the  air  to  be  examined  with  the  minimum  exposure  to  the 
atmosphere.  Intimate  contact  is  ensured  by  rolling  and  shaking 
for  about  half  an  hour,  whereon  the  Winchester  is  again  inverted 
and  all  the  barium  hydroxide  allowed  to  drain  back  into  the  flask. 
.-Vfter  allowing  to  settle.  15  c.c.  of  the  clear  part  are  drawn  off 
by  a  pipette  and  titrated  with  the  oxalic  acid.  At  the  same  time 
15  c.c.  of  the  original  barium  hydroxide  are  titrated  with  the 
oxalic  acid,  and  from  the  difference  in  oxalic  acid  required  the 
amount  of  carbon  dioxide  is  calculated.  This  difference  is  first 
multiplied  hy  2  because  30  c.c.  was  taken. 

In  many  offices  the  W^inchester  quart  has  been  superseded 
by  an  Imperial  quart  bottle  and  the  special  flask  discarded. 

The  Ba(OH)o  is  run  direct  into  the  bottle,  which  is  shaken 
as  in  the  case  of  the  Winchester,  and  the  titration  made  in  the 
bottle  itself,  of  course  on  the  30  c.c.  instead  of  15  only. 

The  Imperial  quart  bottle  must  be  of  clear  colourless  glass, 
-SO  that  the  end  reaction  can  be  plainly  seen. 

Plate  \'  depicts  an  arrangement  which  will  be  found 
expeditious  and  efficient  for  charging  the  sample  bottles  with 
Ba(OH),. 

The  pattern  of  burette  measure  shown  automatically  dis- 
charges the  correct  amount  of  barium  solution. 

Calculation  of  Result.— The  volume  of  the  air  sample 
analysed  is  first  reduced  to  standard  condition,  viz.,  the  volume 
that  the  gas  would  occupy  at  a  temperature  of  0°  C.  and  a 
Dressure  of  760  mm.  of  mercury.     For  that  purpose  the  formula : 

273        P  0.36  PV, 

Vo  =  V,  X X = 


760     /  +  273      t  +  273 
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may  be  used,  where  Vo  is  the  standard  volume  required ;  V^, 
the  observed  volume ;  P,  barometric  pressure  at  the  time  of 
analysis;  t^  temperature  in  Centigrade  units  at  the  time  of 
analysis. 

From  the  equations — 

Ba(OH)2  +  CO2  =  BaCOg  +  H^O 
Ba(OH)2  +  (COOH)^  =  BaQO,  +  2H2O 

it  follows  that  one  gram-molecule  of  oxalic  acid  is  equivalent  to 
one  gram-molecule  of  carbon  rlioxide,  i.e.,  126  grams  oxalic  acid 
crystals  correspond  to  44  grams  CO2  (22.4  litres  at  N.T.P.). 

From  this  it  will  be  found  that  i  c.c.  of  the  standard  oxalic 
acid  solution  given  above  is  equal  to  ^  c.c.  of  CO,  at  N.T.P. 

Example. — The  observed  volume  of  the  mine  air  sample  was 
2,880  c.c.  when  the  atmospheric  pressure  was  623.5  mm.  and 
the  temperature  19.4°  C. 

15  c.c.  of  the  standard  barium  hydroxide  solution  required 
59.5  c.c.  of  the  standard  oxalic  acid.  15  c.c.  of  the  barium 
hydroxide  out  of  30  c.c.  shaken  with  the  mine  air  required  57.0 
c.c.  oxalic  acid.  Required  the  percentage  by  volume  of  carbon 
dioxide  in  the  mine  air. 

0.36  X  623.5 

Vo  =  2,880 

273  +  194 

Volume  of  air  sample  at  N.T.P.  is  thus  2206  c.c. 

The  number  of  c.c.  of  oxalic  acid  difference  corresponding 
to  the  carbon  dioxide  in  the  air  is — 

2  (59-5  —  57-0)  =5  c.c. 
I  c.c.  oxalic  acid  ==  0.25  c.c.   CO,. 

100 

Hence  CO2  in  sample  =  5  X  0.25  =  1.25  c.c.  This  is  1.25  X 

0.057  P^'''  cent.  2,206 

Note. — Higher  accuracy  is  obtained  in  such  a  case  by  using 
less  barium  hydrate. 

Care  of  Apparatus. — Unless  the  sample  bottles  are  kept  well 
cleaned  inaccurate  results  may  ensue.  The  white  incrustation 
which  so  quickly  forms  on  the  inside  of  the  bottles  will  never 
form  if  the  bottles  are  properly  cleansed  after  each  estimation. 
Many  assayers  use  strong  PICl ;  this  is  obviously  unnecessary ; 


there  is  no  strong  alkali  to  neutralise:  the  incrustation  is  best 
removed  by  trituration  with  sharp  coarse  river  sand.  When  this 
has  been  removed  a  wash  with  distilled  water  will  be  all  that  is 
necessary.  The  bottles  must  be  perfectly  dry  before  a  fresh 
sample  is  taken. 

An  important  function  of  the  CO,  estimations  is  the  infor- 
mation they  afford  of  the  circulation  of  air  in  the  mine,  data 
which  are  extremely  useful  when  controlling  the  ventilation 
arrangements.     'J'hc  formula  connecting  CO,  with  ventilation  is 

K 
A  = 

C03%-.03 

in  which  A  is  air  per  head  in  cubic  feet  per  minute,  and  K 
is  about  2.2. 

Detection  and  Estimation  of  Carbon   Monoxide  in   Mink 

Air. 

Carbon  monoxide  (carbonic  oxide,  CO)  is  intensely 
poisonous  on  account  of  the  fact  that  it  displaces  oxygen  from 
the  red  corpuscles  of  the  blood,  thus  preventing  the  blood  from 
performing  its  functions,  even  when  it  is  circulating  normally. 
The  chemical  affinity  of  CO  for  hsemoglobin  is  250  times  that 
of  O2.  consequently  air  (which  contains  21  per  cent,  of  oxygen), 
if  mixed  with  21/250  per  cent,  or  0.084  per  cent,  of  CO,  forms 
a  mixture  in  which  the  chemical  affinities  of  CO  and  O^  are 
equal.  Any  person  breathing  such  air  for  several  hours  will 
eventually  have  half  his  blood  put  out  of  action,  which  shews 
itself  in  headache,  mental  torpidity,  and  faintness  after  exer- 
tion. If  mine  air  contains  0.042  per  cent,  of  CO,  the  eventual 
state  of  the  blood  is  that  of  one-third  of  it  having  been  rendered 
inert;  if  0.028  per  cent,  of  CO  is  in  the  air,  the  blood  eventually 
becomes  one-quarter  inert;  if  0.021  per  cent,  is  in  the  air,  the 
blood  becomes  one-fifth   inert,  and  so  on. 

The  Government  of  the  Union  of  South  Africa  has  there- 
fore fixed  the  limit  of  o.oio  per  cent,  as  the  permissible  maxi- 
mum of  CO  in  the  mines.  This  amount  corresponds  to  a  blood 
saturation  of  lo^^  per  cent,  only,  and  it  is  considered  that  the 
human  organism  can  recover  completely  even  after  daily 
exposure  to  such  a  "  loss  of  blood." 
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A.  Detection  of  CO. 

At  the  beginning  of  a  shift  carbon  monoxide  (which  is  not 
produced  in  normal  min.ing  except  as  a  constituent  of  the  fumes  of 
explosives)  can  frequently  be  detected  in  the  air  of  close  places 
by  means  of  properly  prepared  palladium  chloride  paper,  which 
will  detect  0.02  per  cent.  Paper  merely  dipped  in  palladium 
chloride  solution  is  insensitive,  and  will  probably  not  detect  any- 
thing much  less  than  o.  10  per  cent.  Thick  porous  paper  is  dipped 
in  a  5  per  cent,  solution  of  PdCl.  made  l)y  boiling  the  solid  with 
water  and  filtering.  This  is  then  quickly  dried  on  glass  in  a 
steam  bath  which  has  been  brought  to  boiling;  all  burners  in 
the  room  (or  other  sources  of  CO)  being  extinguished  during 
the  drying.  As  soon  as  dry  the  paper  must  be  bottled  in  a  yellow 
bottle  with  greased  stopper. 

For  use,  a  small  piece  of  the  prepared  paper,  say  i  inch 
long  bv  Y;},  inch  wide,  is  moistened  at  one  end  with  an  extremely 
small  quantity  of  water,  so  as  to  leave  three-quarters  of  the 
paper  dry,  and  hung  up  in  the  suspected  air  for  10  minutes. 
Traces  of  CO  cause  a  grey  mark  at  the  margin  of  the  wet  and 
dry  portions ;  larger  quantities  give  a  black  stain.  This  is 
metallic  palladium,  produced  according  to  the  equation : 

PdCL  +  CO  +  H2O  =  Pd  +  CO,  +  2HCI. 

Estimation  of  Small  Quantities  of  CO  in  Air. 

The  only  reagent  available  for  this  test  is  iodine  pentoxide 
(iodic  anhydride),  kept  at  135°  C.  (within  10  degrees),  and  used 
in  large  quantity.     The  reaction  is : 

1,0,  -f  5CO  =  L  +  5CO,, 

and  the  liberated  iodine  (which  is  evolved  as  a  gas)  is  directly 
passed  into  a  small  quantity  of  a  very  strong  iodide  solution 
(which  catches  it  completely),  and  titrated  with  N/500  or  N/i,ooo 
thiosulphate  solution.  Since  254  grams  of  iodine  come  from 
140  grams  of  CO,  and  254  grams  of  iodine  require  2,000,000 
c.c.  of  N/i,ooo  thiosulphate,  each  c.c.  of  N/i,ooo  thiosulphate 
equals  0.000070  gram  of  CO,  measuring  0.0559  c.c.  as 
gas  at  N.T.P.  At  630  mm.  pressure  and  25°  C.  (the  average 
condition  in  a  Rand  Assay  Office)  i  c.c.  N/ 1,000  thiosulphate  = 
0.074  c.c.  CO.  — -  • 
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The  best  container  for  the  iodine  pcntoxide  is  a  long  narrow 
strong  U-tul)e  with  two  sealed-in  side  tubes  placed  not  near  the 
mouth. 

Iodine  pentoxide  can  be  obtained  from  iodic  acid  by  heating 
it  (finely  powdered)  at  185°  for  three  hours  in  a  well-ventilated 
air-bath.  Before  filling  the  U-tube  with  the  pentoxide  it  is 
well  to  sieve  out  and  reject  the  finest  dusty  portion  of  the  latter, 
otherwise  the  resistance  to  the  passage  of  the  gas  may  be  too 
great.  When  the  U-tube  is  filled  up  to  just  below  the  two  side- 
tubes  the  ends  of  the  U-tube  must  be  cautiously  sealed  off  in  a 
flame.  It  is  not  possible  to  use  a  stoppered  U-tube  for  this 
work,  since  any  lubricant  used  will  in  course  of  time  work  down 
to  the  pentoxide  and  continuously  liberate  iodine ;  also  when  the 
apparatus  is  in  use  there  is  a  considerable  internal  pressure  of 
air  which  would  blow  any  uiilubricated  stopper.  The  only  kind 
of  lubricant  that  could  be  used  would  be  an  inorganic  one  not 
containing  halogen,  and  the  writer  believes  that  no  such  thing 
is  known.  Before  sealing  up.  a  small  length,  say  I/4  inch,  of 
glass  wool  should  be  introduced  into  one  of  the  side-tubes  so 
as  to  prevent  LOg  being  dusted  by  the  air  current  and  carried 
out  of  the  U-tube  into  the  potassium  iodide,  where  it  would 
liberate  iodine  according  to  the  equation :  3l.jO..,  -f  5KI  = 
3I2  +  5KIO3 ;  the  least  trace  thus  being  capable  of  upsetting 
a  CO  determination. 

The  bulb-apparatus  for  containing  the  iodide  solution  should 
be  as  small  as  possible;  the  more  bulbs  it  has  the  better,  if  this 
does  not  involve  a  large  cubic  capacity.  The  German  apparatus 
illustrated  (Plate  VI)  is  excellent,  and  works  with  only 
6  c.c.  of  iodide  solution  (10  to  20  per  cent.  KI  solution  should 
be  used,  since  dihtfc  KI  does  not  hold  iodine  properly). 

In  use  all  the  bulbs  remain  about  half-full  of  solution,  and 
the  gas  gets  six  contacts  with  the  reagent. 

The  rest  of  the  apparatus  for  a  CO  determination  con- 
sists of  an  aspirator,  a  drying  tower,  and  a  funnel,  etc.,  for 
displacing  the  sample  of  mine  air  into  the  apparatus.  The 
aspirator  requires  no  special  description ;  its  upper  cork  should 
be  hermetically  sealed  with  collodion  to  make  certain  that  it 
does  not  leak,  and  it  should  therefore  be  filled  with  water  from 
below  after  inverting  it.  When  in  use  the  tube  coming  from 
the  lower  cork  should  be  attached  to  a  rubber  tube  going  to  the 
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bottom  of  the  laboratory  sink,  and  there  ending  under  the  sur- 
face of  a  flat  vessel  of  water.  This  is  to  prevent  air-bubbles 
entering  the  aspirator  and  so  breaking  its  vacuum.  The  drying 
tower  contains  commercial  strong  sulphuric  acid.  The  best  type 
has  a  bulb  inside  to  prevent  accidents  due  to  the  acid  being  drawn 
back  if  the  weather  becomes  cold  when  it  is  not  in  use.  The 
inlet  tube  with  the  bulb  should  not  reach  near  the  bottom  of  the 
acid,  and  the  layer  of  acid  above  the  inlet  should  not  be  more 
than  I  inch  deep,  else  the  resistance  will  be  too  great,  causing 
a  tendency  to  leaks  at  the  connections.  The  funnel  is  a  large 
thistle-shaped  funnel  going  through  a  double-bored  cork,  and 
long  enough  to  reach  the  bottom  of  a  Winchester  quart.  It 
should  have  a  glass  stopper  below  its  head,  or  a  rubber  connec- 
tion with  a  screw  clamp  to  regulate  the  inflow  of  the  water 
which  is  to  displace  the  air  sample.  The  exchange  of  this  funnel 
and  cork  for  the  original  cork  in  the  sample  bottle  is  done  in 
a  large  sink  full  of  water — pneumatic  trough — the  sample  bottle 
being  held  upside  down  at  45°.  Naturally  the  analyst  must 
insist  on  standard  sampling  bottles  being  used,  into  which  his 
funnel  arrangement  will  fit. 

As  regards  the  heating  of  the  U-tube,  a  quart  enamelled 
mug  nearly  full  of  "  cylinder  oil  "  is  as  satisfactory  as  anything, 
since  by  using  plenty  of  oil  the  regulation  of  the  temperature 
becomes  easy   (Plate  VII.,  see  page  75). 

If  a  U-tube  containing  a  really  substantial  amount  of 
pentoxide  (say  a  layer  10  inches  long)  is  used,  the  whole  deter- 
mination can  be  run  almost  at  top  speed  without  fear  of  incom- 
plete reaction.  There  is  a  great  difference  of  pressure  on  the 
two  sides  of  the  U-tube ;  this  is  why  both  pressure  of  water  on 
the  sample  bottle  and  the  suction  of  an  aspirator  have  to  be 
used. 

Before  the  apparatus  is  used  for  the  first  time  it  must  be 
run  for  six  hours  on  relays  of  fresh  air  to  eliminate  the  free 
iodine  which  is  contained  in  all  new  specimens  of  pentoxide.  It 
will  then  give  a  perfect  blank  on  fresh  air. 

In  a  determination  of  CO  in  mine  air,  when  the  sample 
bottle  is  full  of  water  the  determination  is  not  finished,  because 
the  drying  tower  is  full  of  mine  air.  The  connection  before  the 
drying  tower  should  be  severed  and  a  long  tube  leading  to  fresh 
air  attached,  and  the  apparatus  run  for  10  minutes  more,  work- 
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ing  by  the  aspirator  alone.  The  whole  determination  should  not 
take  more  than  two  hours  after  the  oil  is  hot,  using  a  Winchester 
quart  air  sample. 

The  pcntoxide  is  not  used  uj).  and  will  last  until  the  tube 
gets  broken. 

As  regards  the  titration,  the  N/i.ooo  thiosulphate  will  not 
keeji  even  for  24  hours,  and  is  made  (by  diluting  10  c.c.  of  X/io 
to  a  litre)  just  before  use.  If  the  Kl  solution  is  too  concen- 
trated owing  to  very  little  washing  water  having  been  used  in 
getting  it  out  of  the  bulb-tubes,  the  end-point  with  starch  is 
brown  purple,  not  blue.  As  the  titration  is  done  from  blue  to 
colourless  an  absolute  minimum  of  very  thin  starch  should  be 
used,  otherwise  the  end-point  will  be  overshot. 

Calculation. — This  is  done  either  by  reducing  the  measured 
volume  of  the  Winchester  sample  bottle  to  N.T.P.  and  using  the 
factor;  i  c.c.  thiosulphate  equals  0.0557  c.c.  CO,  or  by  using  the 
direct  method  given  below.  To  avoid  errors  in  reducing 
to  N.T.P.  note  that  both  fractions  are  less  than  i,  since  the  tem- 
perature is  always  above  zero  and  the  barometer  is  always  below 
760  mm. ;  e.g., 

Let  V  =  volume  of  bottle  and  Vq  =  the  N.T.P.  value. 
273  B 

Vo  ==  V X (as  on  pages  67-68). 

273  +  t       760 

Thus,  if  the  bottle  measures  2,950  c.c.  and  the  temperature  was 
28°  C.    and    the    barometer    630    mm.,   the   N.T.P.   volume   is 

273       630 

2950  X ■  X =  2,220    c.c.        In    very    accurate    work    the 

301       760 

vapour  pressure  of  water  at  the  given  temperature  should  be 
subtracted  from  the  barometer  reading,  which  should  also  be 
corrected  for  temperature  of  mercury.  A  deduction  of  10  mm. 
is  near  enough  for  the  combined  effect  in  most  cases. 

As  a  matter  of  commonsense,  it  is  the  temperature  and 
barometer  readings  of  the  laboratory,  not  of  the  place  of 
sampling,  that  are  used  in  the  calculation. 

The  other  method  of  calculation  is  to  use  the  factor — i  c.c. 
N/i,ooo  thiosulphate  equals  0.0738  c.c.  CO  at  25°  C.  and  630 
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mm.  barometer — along  with  tlie  direct  volume  of  the  sample 
bottle,  when  finally  a  very  small  correction  can  be  made  if  the 
laboratory  conditions  are  far  ofif  those  just  mentioned.  The 
following  is  the  calculation  of  the  same  analysis  by  the  two 
methods : 

Volume  of  sample  bottle  2,950  c.c. ;  laboratory  temp.,  28°  C. ; 
barometric  pressure,  25 .  20  inches,  equals  640  mm.,  equals  630 
mm.  when  corrected  for  mercury  and  moisture. 

Suppose  1.55  c.c.  N/i,ooo  thiosulphate  to  have  been  used 
in  the  titration. 

Method  /.—Using  N.T.P.  values,  the  CO  found  is  1.55  X 
0.0557  c-C-  (^^  S^^  ^*  N.T.P.)   =  0.086  c.c.     Now  the  N.T.P. 

273       630 

volume  of  the  bottle  is,  as  shown  above,  2,950  X  X = 

301       760 
2,220  c.c. 

0.086 

Hence  the  percentage  of  CO  is  =:  0.0039. 

22.2 

Method  //.—Using  standard,  but  not  N.T.P.  conditions,  the 
CO  found  is  1.55  X  0.0738  =  o.i  142  c.c.  (as  gas  at  25  degrees 
and  630  mm.).  The  volume  of  the  bottle  (measured  without  cor- 
rection)   is  2,950,   hence  the  approximate  percentage  of   CO  is 

0.1 142 

==  0.00387  . 

29-5 

If  necessary,  since  the  bottle  was  at  28°   instead  of  25°,  a 

273  +  28 

correction  of  may  be  made,  but  for  practical  purposes 

273  +  25 
this  refinement  is  not  called  for. 

The  presence  of  a  high  percentage  of  CO,  does  not  neces- 
sarily imply  that  CO  is  present,  and  the  absence  of  any  quantity 
of  CO2  could  not  be  taken  as  indicating  freedom  from  CO. 

CO2  may  be  present  from  any  of  the  following  sources : — 
Human  exhalations,  blasting  operations,  lights  or  burning  of  any 
description,  and  effect  of  acid  matter  on  carbonates. 
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CO  will  only  be  produced  undergrouiKJ  by  incomplete  com- 
bustion, either  during  blasting,  or  tiirough  timber  or  refuse  be- 
coming ignited  and  burning,  say,  in  a  dead  end,  or  in  any  place 
where  there  is  not  a  free  circulation  of  air. 

It  will  be  readily  understood,  therefore,  that  the  presence  of 
either  C(  ).  or  C'(  )  in  any  atmosphere  is  not  an  indication  that 
both  are  present. 

Detection  of  Nitrous  Fumes  in   Mine  Air. 

The  only  uormul  source  of  NO.  in  mine  air  is  a  "  soft  shot." 
viz..  an  explosion  which  is  not  a  complete  detonation.  Even 
this,  however,  produces  only  small  quantities  of  this  poisonous 
gas.  Large  quantities  of  NO.  occur,  however,  when  an  ex- 
plosive burns  without  exploding.  \\'hen  this  happens,  fatal 
"  gassing  "  is  the  rule  rather  than  the  exception,  and  the  gas  is 
so  obvious  to  smell  that  it  does  not  require  testing  for. 

The  Government's  regulation  on  nitrous  fumes  does  not 
specify  any  limiting  proportion,  but  its  meaning  is  that  even 
the  minutest  trace  of  this  gas  in  the  air  is  objectionable. 
Laboratory  tests  for  NO.^  cannot  be  done,  as  the  fumes  dis- 
appear quickly  after  formation,  and  thus  will  not  bear  transport 
to  the ' laboratory. 

(i)  Detection  by  Starch  Iodide  Paper. — Dried  starch  iodide 
paper  is  prepared,  using  about  6  grams  of  starch  and  2  grams 
of  C.P.  potassium  iodide  per  litre  of  boiling  water  to  form  the 
dipping  liquid.  A  piece  of  this  (say,  i  inch  by  3^  inch)  is 
moistened  at  the  bottom  with  pure  water,  using  less  than  one 
drop,  so  that  only  2  or  3  mm.  of  the  paper  is  moist,  and  hung 
up  or  waved  about  in  the  suspected  air.  If  the  proportion  of 
NO2  exceeds  o.oi  per  cent,  a  brown  line  appears  at  the  margin 
of  the  wet  and  the  dry  parts  of  the  test  paper  within  about  10  or 
12  seconds.  If  the  proportion  of  NO2  is  about  0.005  per  cent., 
the  brown  line  will  not  appear  until  30  or  35  seconds  have 
elapsed.  Judging  by  the  authorities  and  by  local  experience,  it 
is  considered  that  mine  air  which  does  not  afifect  the  test  paper 
after  one  minute's  exposure  is  sufficiently  free  from  nitrous 
fumes. 

(ii)  Detection  by  the  Ilosi'ay  Reagent. — This  is  analogous 
to  the  foregoing.     The    dipping    solution    consists    of     i   gram 
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alphanaphthylamine,  2  grams  sulphanilic  acid,  and  100  c.c. 
strong  acetic  acid  in  a  litre  of  water.  Since  commercial 
alphanaphthylamine  is  generally  coloured,  it  is  desirable  to  boil 
it  up  with  half  of  the  water  and  a  little  of  the  acid  first,  and  to 
filter  off  and  reject  what  is  insoluble  before  adding  the  other 
ingredients.  Thick  filter  paper  is  treated  at  one  end  with  one 
drop  of  the  reagent  and  exposed  in  the  suspected  air,  when  it 
turns  pink  (all  over  the  moist  portion,  not  on  the  margin  only) 
if  NO2  is  present.  This  has  about  the  same  sensitiveness  (work- 
ing to  a  pink  visible  by  artificial  light)  as  the  iodide  test. 

Estimation  of  Nitrous  Fumes  in  Air. 

If  much  NO2  is  detected  cjualitatively,  and  it  becomes  neces- 
sary to  estimate  it  in  the  laboratory,  a  sample  is  taken  in  a  dry 
bottle,  using  bellows.  This  is  treated  with  5  c.c.  of  a  20  per  cent, 
solution  of  potassium  iodide,  agitated  occasionally,  and  finally 
left  overnight  or  at  least  12  hours.  The  liquid,  which  has 
become  brown,  is  washed  into  a  beaker  and  the  iodine  titrated 
with  decinormal  thiosulphate,  using  new  well-boiled  starch  (not 
soluble  or  salicylic  starch)  as  indicator.  Empirically,  i  c.c. 
thiosulphate  equals  0.005  gram  NO2  or  about  3.1  c.c  of  NO, 
gas  under  the  usual  Rand  laboratory  conditions  of  pressure  and 
temperature  (the  volume  of  the  sample  bottle  not  being  reduced 
to  N.T.P.). 

Analysis  of  "  Chisa-Stick  "  Fumes. 

By  Government  regulation  the  "  chisa-stick  "  (fuse-igniter) 
shall  not  give  ofif  more  than  1/200  of  its  weight  of  NO2,  i.e., 
not  more  than  5  milligrams  of  NO,  shall  be  found  in  the  fumes 
from  I  gram  of  stick. 

The  sample  of  fumes  is  obtained  by  burning  i  gram  in  a 
dry  bottle  of  not  less  than  10  litres  capacity.  In  order  to  burn 
under  working  conditions,  the  burning  stick  is  inserted  into  the 
inverted  sample  bottle  for  the  number  of  seconds  previously 
ascertained  to  be  required  to  burn  i  gram  (usually  11  seconds). 
The  ash  is  then  shaken  on  to  the  cork  and  rejected :  strong  KI 
solution  is  added,  and  the  analysis  finished  as  in  the  preceding 
paragraph. 
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Detection  of  Hydrocyanic  Acid  Gas  in  Mine  Aik. 

Tolidine  test  paper  is  used.  A  dipping  solution  is  made 
by  boiling  2  grams  of  commercial  tolidine  (not  toluidine)  and 
3  grams  of  copper  acetate  in  200  c.c.  of  very  dilute  (about  o.  = 
per  cent.)  acetic  acid,  the  solution  being  tinally  cooled  and 
filtered.  Thick  filter  paper  is  dipped  at  one  end  in  a  few  drops 
of  this  reagent  and  exposed  in  the  suspected  air,  when  a  light 
blue  colour  develops  within  a  minute  if  i  part  of  HCN  gas  per 
million  parts  of  air  is  present.  With  higher  proportions  of 
HCN  the  appearance  of  the  colour  is  very  rapid,  and  the  shade 
of  colour  is  indigo  with  a  copper-like  lustre.  If  a  less  sensi- 
tive test  is  required,  benzidine  may  be  substituted  for  tolidine 
in  making  up  the  dipping  solution,  the  resulting  colour  being  the 
same. 

To  detect  traces  of  cyanide  in  water,  place  the  sample 
in  a  bottle  which  is  half  filled,  add  some  sulphuric  acid,  shake 
vigorously  with  the  stopper  in.  and  test  the  air  in  the  bottle  as 
above. 

Analysis  of  Flue  Gases. 

General. — The  examination  of  flue  gases  is  of  importance  in 
connection  with  the  economical  use  of  fuels  used  in  engines, 
boilers,  and  furnaces.  In  the  correct  use  of  solid,  liquid  or 
gaseous  fuels  for  industrial  purposes,  an  amount  of  air  is 
supplied  which  will  give  as  nearly  complete  combustion  of  the 
fuel  as  possible. 

This  means  that  the  carbon  of  the  fuel  should  be  found  in 
the  exhaust  or  fuel  gases  only  as  CO,.  In  practice  it  is  generally 
necessary  to  admit  from  one  and  a  half  to  twice  the  theoretical 
amount  of  air  in  order  to  secure  good  combustion,  but  the 
greater  the  excess  of  air  used,  the  larger  will  be  the  amount  of 
heat  carried  away  by  the  flue  gases. 

It  is  generally  sufficient  to  estimate  only  the  CO2  and  the 
oxygen  in  such  gaseous  mixtures.  Occasionally,  the  carbon 
monoxide  may  be  required;  thus  in  the  waste  gases  from  blast 
furnaces  a  considerable  amount  of  CO  is  present.  Strictly 
speaking,  however,  blast  furnaces  gases  should  be  considered  to 
be  fuel  gases  rather  than  flue  gases,  since  they  are  used  again 
to  heat  the  incoming  air  blast.  The  complete  analysis  of  gases 
used    for   fuel,   such    as    coal    gas,   producer  gas,   etc.,   requires 
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considerable  manipulative  skill  and  experience,  and  for  details 
of  the  methods  and  apparatus  used  works  devoted  to  gas 
analysis  should  be  consulted.  In  the  present  short  article,  con- 
fined to  the  estimation  of  the  three  gases  mentioned,  only  the 
simple  Orsat  apparatus,  which,  though  not  capable  of  great 
accuracy,  is  widely  used  in  technical  work,  will  be  described. 

Sampling  the  Ga^.— The  usual  method  is  to  make  a  connec- 
tion from  the  flue  or  pipe  conveying  the  gases  to  a  bottle  filled 
with  brine,  which  acts  as  an  aspirator;  the  brine  is  allowed 
to  drip  out  at  a  suitable  rate,  and  its  place  is  taken  by  the  gas 
sample. 

The  connecting  tubes  should  be  swept  free  from  air  by 
running  the  aspirator  for  a  few  minutes  and  refilling  it  before 
actually  connecting  up  with  the  tube  from  the  flue. 

Again,  carbon  dioxide  is  appreciably  soluble  in  water,  and 
for  accurate  work  it  is  necessary  to  use  mercury  instead  of 
water  as  the  confining  liquid.  In  this  case  smaller  sample  tubes 
may  be  used ;  a  convenient  form  of  these  is  fitted  with  three-way 
ground-glass  stoppers  at  each  end  so  that  an  outlet  to  the  air  is 
provided  as  well  as  to  the  tube.  In  this  way  the  connecting 
tubes  from  the  flue  can  be  filled  with  gas  before  connection 
with  the  sample  tube  is  made. 

Analysis.— The  most  convenient  way  to  estimate  the  con- 
stituents of  a  gaseous  mixture  is  to  absorb  the  constituents  suc- 
cessively by  means  of  suitable  reagents,  and  after  each  gas  has 
been  absorbed,  to  measure  the  volume  of  gas  remaining.  For 
certain  gases  {e.g.,  methane)  suitable  absorbents  are  not  known, 
and  other  methods  are  used,  depending  on  the  combustion  of  the 
gas  with  oxygen,  but  in  the  case  of  the  above-mentioned  three 
gases  the  absorption  method  is  available. 

Plate  VIII,  Fig.  2,  shows  the  Orsat  apparatus  designed 
for  this  purpose. 

"  A  "  is  the  gas  burette  of  capacity  lOO  cc.  (the  graduation 
ceases  where  the  diameter  of  the  burette  is  enlarged).  The 
burette  is  connected  at  the  bottom  by  means  of  "pressure" 
tubing  to  the  level  bottle  "  B  "  filled  with  water.  The  top  end 
of  the  gas  burette  is  connected  by  capillary  tubing  to  the  absorp- 
into  pipettes  Ci,  Cu  and  C,n,  through  the  stopcocks  Hi,  Hh 
and  Hiii. 
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The  absorption  pipettes  contain  short  glass  tubes  to  provide 
a  larger  absorbing  surface,  ami  each  pipette  is  connected  by  a 
U-tube  at  the  bottom  to  a  glass  reservoir  at  the  back,  into  which 
the  absorbing  reagent  is  forced  when  gas  enters  the  pipette. 
The  three-way  stopcock  at  H  controls  the  entrance  way  for  the 
gas  sample,  and  also  a  lower  tube,  which  can  be  connected  to  a 
filter  pump  for  freeing  the  capillary  tubes  from  air. 

Manipulation. — The  burette  is  filled  with  water  up  to  the 
capillary  by  raising  the  level  bottle  "  B,"'  then  by  lowering  "  B  " 
and  connecting  the  sample  bottle  through  "  H  "  the  burette  is 
filled  with  gas.  By  manipulating  the  level  bottle  and  the  stop- 
cock "  H  "  exactly  loo  c.c.  of  gas  at  atmospheric  pressure  can 
be  obtained  in  the  burette. 

The  analysis  is  now  carried  out  by  passing  the  gas  succes- 
sively into  the  three  pipettes.  Sufficient  time  must  be  given  for 
each  absorption,  and  it  is  usual  to  pass  the  gas  backwards  and 
forwards  between  the  burette  and  the  respective  pipette  till 
constant  readings  of  the  remaining  volume  of  gas  are  obtained. 
At  the  end  of  each  absorption  time  must  be  given  to  allow  the 
gas  to  take  up  the  normal  amount  of  water  vapour  in  the 
measuring  tube,  whereby  it  expands  slightly.  The  details  of 
the  different  absorbing  solutions  are  given  below. 

Errors  in  analysis  with  the  Orsat  apparatus  are  chiefly  due 
to  the  fact  that  it  does  not  permit  of  sufficiently  intimate  contact 
of  the  oxygen  and  the  carbon  monoxide  with  their  respective 
reagents,  so  that  sufficient  time  for  complete  absorption  is 
seldom  given.  Many  modifications  of  the  original  Orsat 
apparatus  have  been  designed,  mostly  with  the  view  to  provid- 
ing better  contact  of  gas  and  reagent ;  for  details  of  these  see 
Dennis,  page  79. 

Reagents  Required. — The  following  reagents  are  required 
for  the  absorption  of  the  three  gases : — 

COn. — A  solution  of  one  part  caustic  potash  in  two  parts 
water. 

Oxygen. — To  a  solution  of  caustic  potash  containing  25 
grams  of  the  solid  to  25  c.c.  of  water  a  solution  of  5  grammes 
pyrogallol  in  5  c.c.  of  water  is  added. 

Carbon  Monoxide. — Either  an  acid  (cone.  HCl)  or  an 
ammoniacal  solution  of  cuprous  chloride  is  used. 
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For  the  acid  solution  see  page  41. 

For  the  ammoniacal  solution  take  i,2(X)  c.c.  of  the 
acid  solution  and  pour  into  4  litres  of  water.  Transfer  the 
resulting  precipitate  to  a  graduated  stoppered  cylinder  of  250  c.c. 
capacity.  After  two  hours,  siphon  off  the  supernatant  liquid 
and  add  7.5  per  cent,  ammonia  to  the  250  c.c.  mark. 

Copper  wire  or  foil  should  be  placed  in  the  pipette  contain- 
ing the  reagent  in  order  to  preserve  it  in  the  reduced  or  cuprous 
condition. 

The  Estimation  of  Dust  in  Mine  Air. 
Tlie  older  methods  of  estimating  dust  in  mine  air  {e.g., 
aspirating  a  known  volume  of  dust-laden  air  through  cotton- 
wool, the  cotton-wool  being  weighed  before  and  after  aspirating 
the  air,  or  aspirating  air  through  water,  the  water  being 
evaporated  and  the  residue  weighed)  have  been  rejected  on  the 
Witwatersrand.  The  methods  in  use  are:  (i)  The  gravimetric 
or  sugar-tube  method,  and  (2)  the  konimeter  or  counting  method; 
and  these  used  in  conjunction  with  each  other  will  give,  if  not 
absolute  accuracy,  much  valuable  information. 

The  main  function  of  dust  determinations  is  not  so  much  to 
obtain  an  estimation  of  the  amount  of  dust  present  as  to  assist 
in  the  adoption  of  suitable  measures  for  improving  the  dust 
conditions  underground,  and  perhaps  no  method  of  taking 
samples  has  been  devised  to  give  true  comparisons  between 
the  sample  and  actual  conditions  existing. 

(i)  Gravimetric  Method. 

In  this  method  a  known  volume  of  air  is  aspirated  through 
a  quantity  of  pure  sugar.  The  sugar  is  dissolved  in  hot 
distilled  water,  the  dust  filtered  off,  ignited  and  weighed.  The 
amount  of  dust  originally  in  the  sugar  and  the  filter-ash  are 
deducted,  the  difference  being  the  dust  from  the  air. 

The  sugar  used  is  Tate's  Mineral  Water  Sugar  "  C "  or 
Tate's  "  Coffee  Crystal  Sugar,"  and  is  crushed  to  a  size 
that  will  pass  a  lo-mesh  sieve  and  remain  on  a  20-mesh 
sieve,  the  finer  portion  being  rejected.  Forty  grams  of  such 
sugar  should  have  a  dust  content  of  not  more  than  one  milli- 
gram. 

A  standard  quantity  (approximately  40  grams)  of  this  sugar 
is  placed  in  a  "  sugar  tube,"  which  is  a  piece  of  glass  tubing  9 
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centimetres  in  height  and  2.5  centimetres  in  internal  diameter ; 
one  end  is  closed  by  a  solid  rubber  cork,  and  the  other  by  a 
rubber  cork  through  which  passes  a  piece  of  glass  tubing  about  8 
centimetres  in  lengtii  by  i]^  centimetres  in  diameter.  A  small 
piece  of  cotton-wool  is  placed  on  top  of  this  glass  tube  to  prevent 
the  sugar  falling  through  (see  Plate  Mil.  Fig.  i). 

The  aspirating  pump  ( see  Plate  IX,  Fig.  1 )  consists 
of  an  iron  cylinder  22  inches  long  and  3  inches  diameter ;  the 
piston  is  fitted  with  double  cup  leathers ;  the  valves  are  of  the 
"  ball  valve  "  type ;  the  pump  is  double  acting,  and  has  a  capacity 
of  3.5  litres  per  up-and-down  stroke. 

The  pump  is  calibrated  against  a  meter,  a  sugar  tube  con- 
taining slightly  moist  sugar  being  placed  in  the  circuit  so  that 
a  resistance  similar  to  that  found  in  actual  sampling  is  obtained. 
(Plate  IX.  Fig.  2.) 

The  sugar  tube  is  connected  to  the  pump  by  6  feet  of  rubber 
tubing  (^  inch  in  diameter). 

The  amount  of  air  aspirated  in  each  sample  should  be  at 
least  Yi  cubic  metre,  represented  by  approximately  100  strokes 
of  the  pump ;  the  rate  of  pumping  should  be  about  10  strokes 
per  minute.     Serious  error  results  if  this  rate  is  exceeded. 

Method  of  Sampling  as  Practised  on  the  Mines  of  the 
IVitivatersrand. 

A  box  containing  ten  numbered  unused  sugar  tubes  is 
supplied  to  each  dust-inspector,  together  with  a  properly 
calibrated  pump  and  rubber  connecting  tube.  The  inspector, 
on  arrival  at  a  mine,  consults  with  the  mine  officials  as  to  the 
places  that  are  working  in  the  mine,  but  makes  his  own  selection 
of    the  places  to  be  examined. 

The  actual  process  of  sampling  takes  about  15  minutes,  and 
the  air  sampled  should  be  representative  of  that  being  breathed 
by  the  men  at  work ;  the  sugar  tube  being  held  at  the  height 
of  the  mouth  and  slowly  moved  round,  so  as  to  sample  the  air 
at  that  height  in  the  particular  working  place. 

In  stopes  the  sample  is  taken  at  the  upcast  side,  and  at  ore 
bins  to  the  leeward  side. 

In  sampling,  great  care  must  be  taken  to  prevent  contamina- 
tion of  the  sample,  and  samplers  should  bear  in  mind  that  they 
are  dealing  with  very  minute  quantities,  and  should  exercise 
every  precaution. 
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A  record  is  made  of  the  following  particulars :  Mine ; 
section;  date;  time;  number  of  tube;  place  of  sampling; 
nature  of  work;  number  and  type  of  machines;  number  of  per- 
sons; state  of  water  supply,  and  how  applied;  appearance  of 
the  working  place  (i.e.,  dry,  dusty,  or  wet). 

General  notes  should  be  made  of  the  dustiness  of  the  mine 
as  a  whole,  and  reports  should  also  be  made  of  any  deficiencies 
observed  in  the  dust-allaying  apparatus. 

DetertninatiofL 

Recent  researches  into  the  nature  of  the  dust  found  in  the 
silicotic  lung  have  shown  that  it  is  only  the  very  finest  particles 
that  are  found  in  the  lung,  the  size  ranging  from  12 
microns  downward  (i  micron  =  1/25,000  inch)  ;  hence  the 
process  of  analysis  must  consist  in  not  only  separating  the  dust 
from  the  sugar,  but  also  in  removing  the  larger  dust  particles. 

This  separation  of  the  large  dust  particles  is  carried  out  by 
using  the  finest  wire-screening  made — screening  having  350 
holes  to  the  linear  inch,  the  holes  being  about  40  microns  in 
diameter.  A  piece  of  this  screening  is  made  to  cover  the  apex 
of  a  truncated  cone,  and  this  cone  is  inverted  over  the  filter 
paper  in  a  filter  funnel  (Plate  VIII,  Fig.  4). 

The  sugar  tubes  as  received  from  the  dust-inspector  are 
arranged  in  order,  and  cleaned  with  a  damp  cloth  to  remove  any 
adhering  dust.  The  corks  and  the  cotton-wool  are  removed,  and 
the  sugar  from  the  tube  is  washed  with  hot  distilled  water  into 
the  cone;  hot  water  is  added  till  all  the  sugar  is  dissolved. 
The  coarse  dust  is  caught  by  the  fine  screening;  the  fine  dust 
passes  through  and  is  caught  by  the  filter  paper. 

The  usual  filter  paper  used  is  15  cm.  diameter  "What- 
man "  paper  No.  42,  and  should  have  an  ash  of  less  than  .0002 
gram. 

The  solution  should  filter  perfectly  clear,  and  if  not  clear 
at  the  first  filtration  should  be  refiltered  through  the  same  paper 
until  clear.  The  cone  is  removed,  and  the  underside  carefully 
washed  to  remove  any  dust ;  the  paper  is  washed  until  nearly  free 
from  sugar  solution,  removed  from  the  funnel,  and  ignited  in  a 
silica  crucible  over  a  bunsen  burner  until  all  the  paper  is  burned 
away.  The  crucible  is  then  cooled  in  a  desiccator  to  the  tempera- 
ture of  the  balance  room.  The  crucible  containing  the  dust  is  then 
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weighed  on  the  balance,  the  dust  brushed  out  with  a  camel's-hair 
brush,  and  the  crucible  re-weighed :  the  difference  gives  the  total 
amount  of  dust  present  in  the  sample.  A  deduction  has  to  be 
made  for  the  weight  of  the  filter  ash  plus  the  small  amount  jf 
dust  present  in  the  sugar ;  this  deduction  is  arrived  at  from  the 
average  of  ten  blank  sugar  analyses,  done  exactly  as  if  the 
ten  tubes  had  actually  been  used  for  taking  dust  samples.*  This 
deduction,  once  ascertained,  is  assumed  constant  for  the  whole 
stock  of  sugar.  If  ^  cubic  metre  of  air  has  been  aspirated,  the 
weight  of  dust  obtained  by  dilTerence,  multiplied  by  three,  gives 
the  amount  of  dust  present  in  a  cubic  metre  of  air,  calculated  in 
milligrams. 

The  actual  weight  of  dust  in  a  given  volume  of  air  is  of 
academic  rather  than  actual  value — it  is  the  number  of  particles 
and  their  size  that  comprises  the  significant  information ;  how- 
ever, used  in  conjunction  with  the  konimeter,  the  sugar  tube 
method  of  collection  has  its  own  important  field  of  usefulness, 
since  the  konimeter  sample  is  an  instantaneous  one. 

(2)  The  Konimeter  Method. 

In  1916  Sir  Robert  Kotze,  Government  Mining  Engi- 
neer of  the  Union  of  South  Africa,  designed  an  ingenious 
instrument  for  determining  the  number  of  particles  of  dust.  The 
principle  on  which  this  instrument  works  is  simple.  A  small 
volume  (usually  5  c.c.)  of  air  is  caused  to  pass  at  a  high  velocity 
(about  130  feet  per  second)  through  a  narrow  jet  on  to  a 
glass  plate  thinly  coated  with  vaseline ;  the  dust  particles  are 
caught  on  the  vaseline,  and  the  vaseline  spot  is  examined  under 
a  microscope  and  the  dust  counted. 

Two  types  of  konimeter  are  in  use — (i)  the  Kotze  koni- 
meter, invented  by  Sir  Robert  Kotze,  and  (2)  the  circular 
konimeter,  invented  by  A.  F.  H.  Devers. 

The  Kotze  Konimeter  is  essentially  a  valveless  cylindrical 
suction  pump  with  a  capacity  of  5  c.c.  (see  Plate  IX,  Figs. 
3  and  4,  and  Plate  VIII,  Fig.  5).  The  nozzle  of  the  instrument 
is  tapered  and  smoothly  bored  to  a  diameter  of  0.6  to  0.8  mm. 
at  the  narrow  end.  The  current  of  air  impinges  on  a  glass 
slide  coated  with  vaseline  and  placed  about  0.5  mm.  from  the 
nozzle.     Six  samples  are  usually  taken  on  the  one  slide  (half  of  a 

*  i.e.,  using  400  grams  of  sugar  and  10  filter  papers. 
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standard  microscope  slide).  The  slide  is  then  removed  and 
placed  in  a  holder  in  a  box,  and  a  fresh  slide  fitted  to  the 
instrument.  The  slide  is  then  examined  under  a  microscope  and 
the  dust  particles  counted. 

The  spot  is  "  found "  and  first  examined  under  a  low 
magnification,  say  50  diameters.  A  microscope  with  a  16  mm. 
objective  is  convenient.  To  count  the  dust  a  magnification  of 
200  diameters  is  usual,  and  this  is  most  conveniently  obtained 
by  using  with  the  16  mm.  objective  an  eye-piece  magnifying  12 
times.  The  lower  eyepiece  used  to  find  the  spots  magnifies  four 
times. 

A  micrometer  is  placed  in  the  eyepiece,  consisting  of  two 
lines  ruled  inclined  to  one  another  at  18°,  and  along  one  side  of 
the  line  bounding  the  sector  a  second  line  is  ruled  at  such  a 
distance  that  at  a  magnification  of  200  diameters  the  apparent 
distance  between  the  two  lines  is  5  microns  (with  the  16  mm. 
objective  this  is  60  microns).  This  is  to  permit  an  estimate 
of  the  proportion  of  particles  which  are  over  5  microns  in 
diameter  to  be  made. 

If  the  sample  is  5  c.c.  in  volume,  then  the  count  of  the  two 
sectors  multiplied  by  2  gives  the  number  of  particles  in  i  c.c. 
of  air. 

The  Circular  Konimeter  consists  of  the  same  kind  of  pump 
as  in  the  Kotze  instrument,  but  the  glass  plate  on  which  the  dust 
is  caught  is  made  circular  and  fits  into  a  toothed  wheel,  which  in 
turn  engages  a  ratchet  in  the  konimeter.  By  this  means  the 
periphery  of  the  plate  is  made  to  revolve  past  the  jet,  and  as  many 
as  60  spots  can  be  taken  on  the  slide  (Plate  IX,  Fig.  5,  and  Plate 
VIII,  Fig.  3).  The  spring  which  actuates  the  konimeter  is 
enclosed  in  a  brass  tube  to  protect  it  from  damage.  The  circular 
plate  fits  into  a  special  holder  on  the  stage  of  the  microscope, 
which  is  provided  with  a  toothed  pinion,  and  after  spot  No.  i 
is  focussed  it  is  only  necessary  to  turn  the  pinion  to  bring  the 
second  and  subsequent  spots  into  focus. 

The  vaseline  used  on  the  slide  must  be  pure.  Ordinary 
vaseline  should  be  heated  and  filtered  through  a  good  filter  paper 
in  a  hot-water  funnel  before  being  used.  The  purified  vaseline 
should  be  placed  in  small  glass-stoppered  bottles. 

A  small  piece  of  vaseline  about  the  size  of  a  pin-head  is 
placed  on  the  slide  by  means  of  a  glass  rod  and  carefully  spread 
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evenly  over  the  slide,  the  edge  of  a  ground  glass  slide  or  a 
glass  rod  being  used  for  this  purpose.  In  the  winter  months 
both  slide  and  vaseline  should  be  warmed  before  use. 

In  the  konimetcr  method,  floating  matter  in  the  air  other 
than  mine  dust  is  caught  on  the  vaseline,  and  it  is  difficult  to 
distinguish  between  dangerous  and  non-dangerous  dust.  A 
method  for  the  differentiation  of  silica  and  non-silica  by  the  use 
of  liquids  of  suitable  refractive  inde.x  has  been  suggested  by  Dr. 
Rogers,  F.R.S.,  but  such  a  research  method  is  unsuitable  for 
routine  work,  in  which  a  very  large  number  of  samples  has 
to  be  e.xamined  daily. 

In  cases  where  a  very  large  amount  of  dust  is  present  in  the 
air  it  is  impossible  to  count  all  the  dust,  and  to  endeavour  to 
get  over  the  difliculty  an  instrument  was  designed  in  which  the 
jet  is  bored  with  four  holes  instead  of  two ;  this  means  that  the 
dust  is  distributed  into  four  spots,  all  of  which  have  to  be 
counted. 

The  number  of  particles  in  mine  air  is  seldom  less  than  loo 
per  c.c. 

Investigation  of  the  dust  conditions  by  means  of  the  koni- 
meter  is  more  readily  made  and  has  none  of  the  tedious  and 
cumbersome  paraphernalia  associated  with  the  sugar  tube  method. 


94 


CHAPTER    IX. 

WATER. 

On  a  mine  the  following  waters  may  have  to  be  reported  on : 
(a)  Mine  water,  (b)  water  used  for  laying  dust  underground, 
(c)  boiler  water,  (d)  condenser  water,  (e)  cooling  dam  water, 
(/)  industrial  water  (milling,  etc.),   (g)  drinking  water. 

Aciditv  of  Mine  Waters  and  the  Problem  of  the  Corrosion  of 

Metals. 

Although  this  is  still  to  some  extent  a  controversial  subject, 
there  can  be  no  doubt  nowadays  that  the  only  measure  of  acidity 
is  hydrion-concentration  (or  proportion  of  hydrogen-ions  pre- 
sent). There  is  only  one  source  of  the  acidity,  viz.,  oxidation 
of  pyrites,  etc. :  FeS^  +  7O  +  H^O  =  FeSO,  +  H^SO,,  and  the 
difficulties  of  the  analysis  arise  from  the  fact  that  some  of  the 
bases  from  the  rock  which  have  in  course  of  time  partly 
neutralized  the  sulphuric  acid  are  "  weak  bases  " ;  the  salts  of 
"  weak  bases  "  are  not  neutral,  but  acid.  Magnesia,  lime,  ferrous 
oxide,  and  manganous  oxide  are  strong  bases,  but  alumina  and 
ferric  oxide  are  weak  bases. 

Now,  for  the  purpose  of  preventing  corrosion  of  iron  and 
other  metals  underground  it  is  not  necessary  to  render  the  water 
markedly  alkaline  (e.g.^  alkaline  to  phenolphthalein).  This 
would  require  a  hydrion-concentration*  of  10-^,  whereas  10-''  is 
sufficient,  and  in  practice  it  is  found  that,  before  this  stage  is 
reached,  precipitation  of  ferric  hydrate  and  alumina  takes  place, 
and  it  is  quite  imnecessary  (and  leads  to  considerable  waste  of 
neutralising  lime)  to  remove  the  other  bases.  All  that  is 
required  is  to  destroy  the  "  free  acid  "  and  the  larger  proportion 
of  the  aluminium  and  ferric  sulphates  without  attacking  ferrous 
and  magnesium  sulphates.       Technically    speaking,    this    is    the 

*  For  a  full  explanation  see  The  Analyst,  October,  1921,  also  a  reprint 
in  the  Journal  of  the  Chemical,  Metallurgical,  and  Mining  Society  of 
South  Africa  for  January,  1922. 
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same  as  saying  that  the  pi  I  |  which  is  power  or  index  to  which 
lo  is  raised  in  the  expression  for  the  hydrion-concentration 
(with  minus  changed  to  plus)]  of  the  water  must  be  reduced 
from    (say)   3  to  7. 

The  analytical  method,  therefore,  consists  in  titrating  the 
mine  water  with  standard  XaOH  (not  Na^COa,  since  carbonic 
«cid  itself  is  corrosive  to  metals),  and  an  appropriate  indicator, 
used  externally.  The  indicator  must  be  such  as  to  be  almost 
fully  changed  at  pH  =  7.  Thus  methyl-orange,  which  changes 
at  about  pH  ^  5,  gives  totally  incorrect  (low)  results;  similarly, 
phenolphthalein,  which  changes  at  pH  =  9,  gives  results  which 
are  too  high.  "  Brom-thymol-blue  ''  is  the  most  correct  indicator 
for  this  work.  It  is  used  in  drops  on  a  spot  plate,  and  about  ^ 
c.c.  of  the  titrated  liquid  is  added,  continuing  the  addition  of 
alkali  until  the  mixture  on  the  spot-plate,  which  is  yellow  at 
first,  is  green  (i.e.,  blue  discoloured  by  Fe(OH)3).  If  greater 
accuracy  is  required,  the  test  should  be  repeated,  adding  90  per 
oent.  of  the  alkali  (found  as  above)  at  once,  and  filtering  before 
going  on  to  the  end-point. 

I  c.c.  decinormal  NaOH  used  for  100  c.c.  mine  water  =  0.28  lb. 
CaO  per  1,000  gallons  =0.35  lb.  of  lime  containing  80  per 
cent.  CaO  per  1,000  gallons. 

It  is  worth  noting  that  neutralised  ferric  sulphate  is  capable 
of  corroding  iron  (Fe2(S04)3  +  Fe  =  3FeS04).  If  this  were 
not  so,  it  would  be  sufficient  to  neutralise  the  free  acid  down  to 
pH  =  5  only,  when  it  would  be  too  weak  to  attack  metals.  It  is 
the  presence  of  FeorSO^)^  which  renders  it  necessary  to 
neutralise  down  to  the  true  neutral  point,  which  is  pH  =  7.  Al- 
though neutralised  aluminium  sulphate  is  not  corrosive,  it  is 
scarcely  possible  to  titrate  so  as  to  distinguish  between  aluminium 
and  ferric  sulphates.  It  is  not  possible  even  appro.viitiately  to 
determine  the  amount  of  lime  required  for  neutralisation  by  the 
old  method  of  determining  total  sulphate  and  deducting  the 
sulphates  of  the  bases  present. 

Ferrous  sulphate  is  not  corrosive  in  itself,  and  even  when 
oxidised  does  not  give  rise  to  a  measurable  amount  of  free 
acid.     The  equation 

2FeSO,  +  3H,0  +  O  =  2Fe(OH),HSO, 
basic  ferric  sulphate 
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represents  the  oxidation.  Now  the  product,  which  would  ionise 
into  Fe(OH)2+  and  HSO/,  and  would  therefore  be  analogous 
to  NaHS04,  happens  to  be  almost  insoluble  in  water,  conse- 
quently scarcely  any  ionisation  (or  formation  of  HSO/  ion)  can 
occur. 

Though  controversial,  the  subject  is  most  important.  Watson 
and  Cooper  {J. CM. M.S.,  1921,  32)  remark:  "In  view  of  the 
very  great  expense  actually  incurred  by  neglect  of  correct 
neutralisation,  it  is  an  immediate  and  pressing  necessity  that 
rapid  and  accurate  methods  of  testing  be  known  and  used,  and 
that  clear  records  be  kept  and  periodically  examined  by  those 
responsible  for  the  upkeep  of  metal  work  underground."  The 
process  given  above  is  at  least  theoretically  correct. 

Direct  Determination  of  Lime-requirement. 

A  sample  of  the  water  is  first  tested  qualitatively  with 
methylred  indicator.  If  the  colour  given  is  pure  yellow  without 
trace  of  orange  or  red,  the  water  requires  no  lime.  Otherwise 
the  following  quantitative  test  is  carried  out : — 

500  c.c.  of  the  water,  in  a  measuring  cylinder,  is  treated 
with  I  c.c.  of  saturated  lime  water.  After  vigorous  shaking,  a 
small  sample  of  the  mixture  is  removed  and  tested  with  i  drop 
of  methylred  solution.  If  the  colour  is  red  or  orange  the  water 
is  still  acid,  and  a  further  addition  of  i  c.c.  of  the  lime  water 
to  the  main  bulk  of  the  water  is  made,  and  the  test  continued 
in  this  way,  i  c.c.  at  a  time,  until  a  small  sample  gives  a  pure 
yellow  with  methylred.  If  a  large  precipitate  is  produced  by 
the  lime  water,  it  should  be  allowed  to  settle  slightly,  so  that  a 
fairly  clear  sample  can  be  got  for  the  indicator  test. 

I  c.c.  pure  saturated  lime  water  contains  0.0012  gram  CaO, 
but  the  specimen  used  should  be  checked  by  titration  with 
decinormal  acid  in  presence  of  phenolphthalein.  i  c.c.  lime 
water  used  as  above  corresponds  to  2.4  pounds  CaO  per  million 
pounds  of  mine  water,  or  to  24  lbs.  CaO  per  million  gallons. 

The  following  rough  and  ready  method  for  engineers  and 
pumpmen  underground  is  useful :  A  small  dropping  bottle  is 
filled  with  a  stronger  lime  solution,  such  that,  say,  5  drops  of 
lime  water  from  the  bottle  on  100  c.c.  sample  corresponds  to  i 
lb.  of  lime  per  1,000  gallons.  Addition  of  sugar  is  necessary 
to  get  enough  lime  into  solution. 
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lOO  c.c.  of  the  water  to  be  examined  is  measured  with  a 
white  enamelled  mug,  lo  drops  of  bromthymol-blue  added,  and 
lime  water  drop  by  drop  from  standard  bottle  till  alkalinity  's 
shown.  From  the  number  of  drops  required  the  otiicial  respon- 
sible can  tell  what  change  in  the  lime  feed  is  necessary. 

Lime  (containing  CaO  in  varying  amounts)  being  cheap,  is 
almost  universally  used  for  neutralising  mine  waters ;  the  great 
objection  to  its  use  being  the  formation  of  calcium  sulphate 
in  neutralisation.  The  solubility  of  calcium  sulphate  may  be 
taken  as  20  lb.  per  1,000  gallons,  and  it  is  not  advisable  to  add 
lime  so  that  more  than  18  lbs.  calcium  sulphate  per  i.ooo  gallons 
will  result  from  the  reaction.  Isolated  occurrences  of  saturation 
do  not  matter,  but  the  (juality  of  the  water  at  the  various  sumps 
or  main  pumping  stations  should  be  studied  so  as  to  avoid  a  too 
free  deposition  of  calcium  sulphate,  thereby  closing  up  pipes  and 
pumping  columns.  If  it  is  founrl  impossible  to  neutralise  the  water 
for  this  reason,  it  should  be  remembered  that  on  neutralising  a 
mine  water  containing  free  acid,  ferric  and  ferrous  sulphates, 
free  acid  is  the  first  to  be  neutralised,  then  ferric  sulphate, 
ferrous  sulphate  being  the  last  to  react.  Bearing  this  in  mind, 
it  may  be  possible  to  add  sufficient  lime  to  just  neutralise  free 
acid  and  ferric  sulphate.  In  this  way  calcium  sulphate  may 
usually  be  kept  at  a  figure  well  below  saturation. 

SiLicious  Dust  in  Mine  Water. 

In  the  early  days  of  the  use  of  water  for  dust  prevention 
it  was  considered  that  any  water  which  fulfilled  the  then  require- 
ments of  the  Mining  Regulations  could  be  used  for  laying  dust. 

With  the  introduction  of  the  "  water  Leyner  "  type  of  drill 
and  the  installation  of  numbers  of  atomisers  and  sprays  it  was 
found,  when  water  which  had  been  used  for  dust  allaying  was 
re-used  without  being  purified,  that  the  quantity  of  dust  in  the 
air,  instead  of  being  reduced,  was  in  some  cases  increased,  i.e., 
that  such  water,  when  projected  into  the  air  in  the  form  of  a 
fine  spray,  introduced  into  the  air  fine  particles  of  silica. 

Various  methods  of  purifying  the  water  have  been  introduced 
— generally  of  a  type  in  which  the  dust-laden  water  is  made  to 
flow  through  beds  of  clinker  at  such  a  rate  that  most  of  the 
dust  is  caught. 

To  estimate  the  quantity  of  dust  present  in  mine  water  the 
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following  method  is  adopted :  A  sample  of  water  at  least  500 
c.c.  in  volume  is  just  acidified  with  HCl  and  filtered  through  a 
350  mesh  sieve  to  remove  large  particles,  30  c.c.  more  of  con- 
centrated hydrochloric  acid  is  added,  and  the  liquid  boiled.  By 
this  means  most  of  the  mineral  matter  in  suspension  except  silica 
and  refractory  silicates  is  dissolved.  The  liquid  is  then  filtered, 
the  filter  paper  is  ignited,  and  the  residue  weighed.  The  results 
are  calculated  to  grams  per  litre.  If  the  amount  of  dust  is 
more  than  0.05  gram  per  litre,  it  is  usual  to  separate  this  into 
coarse  and  fi.ne  dust.  Resort  is  made  to  the  method  of  sedimen- 
tation, which  consists  in  allowing  the  dust  in  suspension  in  water 
to  settle  for  a  period  of  time  calculated  from  the  required 
size  of  the  particles  and  the  rate  of  fall  of  quartz  particles  when 
suspended  in  water,  the  formula  used  being 

V  = 

I 00000 
when   V  equals   velocity   of   fall   in   centimetres   per    second ;    d 
equals  diameter  in  microns. 

In  practice  the  dust,  after  being  weighed  as  above  described, 
is  treated  with  a  little  hydrochloric  acid  in  a  small  straight-sided 
beaker,  and  distilled  water  added.  The  height  of  the  mixture  is 
measured,  and  the  liquid  is  allowed  to  settle  two  minutes  for  each 
centimetre  in  height.  Usually  the  liquid  is  made  up  to  10 
centimetres  and  allowed  to  settle  for  20  minutes.  The  super- 
natant liquid  is  then  syphoned  off,  filtered,  the  filter  paper 
ignited,  and  the  dust  weighed.  This  gives  the  amount  of  fine 
dust  under  12  microns  in  size.  The  results  are  returned  as  grams 
total  mineral  matter  per  litre,  and  grams  fine  dust  per  litre.  The 
latter  should  not  exceed  0.05  gram  per  litre,  which  corresponds 
to  about  5  million  particles  per  c.c* 

Boiler  Water. 
Water  for  boiler  feed  purposes  may  be  tested  partially  from 
day  to  day,  but  it  is  advisable  to  have  a  full  chemical  knowledge 
of  the  water  from  the  main  source  of  supply,  and  to  obtain  this 
a  full  analysis  should  be  done  at  various  seasons  of  the  year. 
Following  is  a  brief  description  of  the  methods  generally 
employed : — 

*  An  average  diameter  of  3  microns  is  assumed  in  this  calculation. 
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Suspended  Matter. — If  the  water  is  not  quite  clear,  a  portion 
should  be  filtered  through  a  tared  filter  paper,  and  the  latter 
washed,  dried,  and  weighed.  If  in  any  considerable  amount,  it 
may  be  necessary  to  examine  it  further.  By  igniting  the  filter 
papers  and  contents  the  organic  matter  is  obtained  by  difference, 
and  if  inorganic  matter  is  present  in  any  quantity,  silica,  iron, 
alumina,  lime,  and  magnesium  can  be  determined  in  much  the 
same  way  as  in  the  following  method  for  dissolved  solids : 

Dissolved  Solids. — 50  c.c.  are  evaporated  to  dryness  in  a 
platinum  dish,  dried  at  105°  C.  and  weighed.  This  gives  "  total 
dissolved  solids."  In  water-analysis  results  are  calculated  as 
parts  per  100,000  of  water. 

Ignite  dish  to  a  low  red  heat  over  a  Bunsen  or  blow-lamp, 
cool,  add  a  little  CO,  water  to  re-carbonate  any  lime  or  mag- 
nesium oxide,  take  to  dryness,  heat  at  105°  C  and  weigh.  The 
loss  in  weight,  if  any,  is  generally  taken  as  volatile  and  organic 
matter.     This  is  not  the  same  as  "loss  on  ignition." 

Analysis  of  Dissolved  Solids. — 250  or  500  c.c.  (according  to 
the  amount  of  dissolved  solids  found)  is  acidified  with  HCl, 
evaporated  to  dryness  on  a  water  bath  in  a  porcelain  dish,  baked 
on  a  hot  plate  for  a  little  time  to  fix  any  silica,  then  digested 
with  water  and  HCl.  Any  silica  present  is  filtered  oflf,  ignited 
and  weighed. 

Iron  Oxide  and  Alumina. — Make  filtrate  from  silica  alkaline 
with  NH3,  add  NH4CI,  boil  ofif  nearly  the  whole  of  the  NH3,  and 
filter  oflf  the  iron  and  alumina  Ignite  and  weigh.  This  gives  Fe^Oa 
+  AI2O3.  If  the  respective  amounts  of  these  are  required,  grind 
ignited  precipitate  carefully  in  an  agate  mortar  and  digest  in 
aqua  regia  till  dissolved  (or  fuse  with  bisulphate),  dilute  and 
re-precipitate  with  NH3,  filter,  wash  precipitate  nearly  free  from 
chlorides,  dissolve  in  dilute  H2SO4,  reduce  with  zinc  and  titrate 
the  iron  present  with  permanganate. 

Calculate  to  ¥e.,0^  (i  c.c.  N/io  KMnO,  =  0.0080  Fe,03) 
and  find  AI2O3  by  difiference. 

Lime. — Boil  the  filtrate  from  the  ammonia  precipitation  and 
add  ammonium  oxalate  to  precipitate  the  calcium  present.  Filter 
off  and  wash  thoroughly. 

The  precipitate  can  be  either  ignited  at  a  very  high  tempera- 
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ture  and  weighed  as  CaO,  or  preferably  dissolved  in  H^SO^  and 
titrated  (hot)  with  permanganate,  i  c.c.  N/io  KMnO^^ 0.0028 
gm.  CaO. 

Magnesia. — The  filtrate  from  above  is  taken  to  dryness  and 
ignited  gently  so  as  to  destroy  ammonium  oxalate. 

Residue  taken  up  with  HCl,  filtered  if  necessary,  rendered 
faintly  alkaline  with  NH3,  and  ammonium  phosphate  added,  well 
stirred  and  left  standing  in  a  cool  place  overnight.  Any  pre- 
cipitate is  filtered  and  washed  with  ammonia  water,  dried, 
ignited  first  at  a  red  heat,  and  finally  at  a  high  temperature,  till 
precipitate  shows  perfectly  white.  It  is  weighed  as  MgoPgO-. 
The  weight  multiplied  by  0.36  gives  MgO. 

Soda  and  Potash. — Filtrate  from  above  is  taken  to  dryness 
wath  a  small  quantity  of  HoSO^,  ignited  till  free  from  ammonium 
salts  and  excess  of  H2SO4,  then  weighed  as  sulphates  of  soda 
and  potash.  This  gives  high  results,  since  some  HPO3  remains 
unvolatilised.  Preferably  a  fresh  quantity  of  500  c.c.  should  be 
taken  and  the  alkalies  determined  as  follows : — 

Concentrate  by  evaporation  to  about  50  c.c.  Add  barium 
chloride  to  precipitate  sulphates  and  filter.  Add  a  little  milk 
of  lime,  and  boil,  precipitating  iron  and  magnesium,  filter.  Pre- 
cipitate calcium  and  barium  in  filtrate  with  excess  ammonia  and 
ammonium  carbonate  and  a  little  ammonium  oxalate.  Filter, 
take  filtrate  to  dryness,  and  ignite  residue  to  drive  off  all 
ammonium  salts.  Take  up  residue  with  water,  add  one  drop  of 
ammonium  oxalate  solution,  and  filter  if  necessary.  Acidify 
with  HCl,  take  to  dryness,  ignite  and  weigh  alkalis  as  chlorides. 

Potash,  if  present,  can  be  separated  from  sodium  chloride 
in  above  by  precipitating  as  potassium  chloroplatinate,  filtering  on 
a  tared  filter,  and  weighing.  Enough  platinum  chloride  must  be 
used  to  combine  with  all  the  sodium,  the  mixture  taken  to  dry- 
ness and  extracted  with  80  per  cent,  alcohol  to  remove  sodium. 

It  is  necessary  to  do  blank  determinations  for  alkalis  in  the 
reagents,  using,  as  far  as  possible,  the  same  quantities  of  reagents 
as  in  the  usual  determination. 

Sulphates. — Take  250  or  500  c.c.  (according  to  the  quality 
of  the  water),  acidify  and  evaporate  to  about  70  c.c.  While 
boiling  add  boiling  solution  of  barium  chloride,  filter,  wash  very 
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thoroughly,   ignite  and   wcigli   the   precipitated   barium    sulphate. 
and  calculate  to  SO3. 

Chlorides. — To  100  c.c.  of  water  in  a  porcelain  dish  add  a 
couple  of  drops  of  a  10  per  cent,  solution  of  potassium  chromate, 
colouring  it  to  straw  yellow.  Add  N/io  AgXOs  drop  by  drop, 
stirring  all  the  time  until  the  precipitated  silver  chromate  is  no 
longer  decomposed  by  the  chloride,  and  the  solution  becomes, 
therefore,  tinged  with  reddish-brown. 

I  c.c.  .X/io  AgNOa  =^  0.00355  CI. 

=  0.00585  NaCl. 

Alkalinity. — Bicarbonate  of  Lime  and  Magnesia. — 100  c.c.  of 
the  water  is  titrated  with  N/io  acid,  using  methyl  orange  as 
indicator.  i  c.c.  ^  0.0050  gram  CaCOj  (MgCOg  and 
Ca(HC03)2  are  counted  as  CaCOg). 

Sodium  Carbonate. — Evaporate  100  c.c.  of  water  to  dryness 
in  a  platinum  dish,  extract  residue  with  freshly  boiled  distilled 
water,  filter,  wash  and  titrate  with  N/io  acid,  using  methyl 
orange  as  indicator.     Lime  and  magnesia  are  left  undissolved. 

Generally  the  above  methods  will  give  all  the  details  neces- 
sary, and  it  remains  to  combine  the  acids  and  bases  so  as  to 
arrive  at  the  composition  of  the  dissolved  solids  in  the  water. 

The  following  is  one  method  employed : 

Calculate  CI  as  NaCl ;  calculate  rest  of  Na  into  XaoO,  which 
report  as  Na2S04,  unless  Na^COa  is  present,  which  is  excep- 
tional.    Report  MgO  as  MgS04. 

Calculate  CaO  to  CaCOj  and  equate  remaining  CaO  to 
CaS04.  when  SO3  as  CaS04  should  balance  with  what  was 
remaining  after  equating  sodium  and  magnesium. 

Thus  we  would  have  silica,  ferric  oxide  and  alumina,  calcium 
carbonate,  calcium  sulphate,  magnesium  sulphate,  sodium 
sulphate,  sodium  chloride. 

Sometimes  the  analysis  is  complicated  by  the  presence  of 
calcium  and  magnesium  chlorides,  and  the  presence  of  either  of 
these  being  very  undesirable  in  boiler  waters,  particular  care 
should  be  taken  to  prove  their  presence  or  absence  (alkalis  less 
than  what  corresponds  to  chloride). 
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Routine  Methods. 

For  water-softening,  however,  such  an  elaborate  analysis  is 
unnecessary. 

Waters  are  often  classified  as  "  hard  "  or  "  soft."  Hardness 
again  is  classified  into  "  temporary  hardness  '"  and  "  permanent 
hardness." 

"  Temporary  hardness  "  in  water  is  caused  by  bi-carbonate 
of  lime  and  magnesia,  and  can  be  removed  by  boiling  the  water. 

"  Permanent  hardness  "  is  due  to  sulphates  of  calcium  and 
magnesium,  and  cannot  be  removed  by  boiling.  Two  methods 
for  the  determination  of  hardness  are  in  use.  Clarke's  standard 
soap  method  is  not  very  accurate  in  the  presence  of  a  large 
quantity  of  magnesium  salts,  but  is  a  useful  test  for  the  routine 
work  of  water-softening. 

Clarke's  method  consists  of  agitating  50  c.c.  of  the  water 
with  a  standardised  soap  solution  in  a  250  c.c.  bottle  till  a  lather 
is  obtained  which  will  stand  unbroken  when  the  bottle  is  laid 
on  its  side  for  about  five  minutes. 

The  other  method  is  Hehner's,  and  should  be  used  occasion- 
ally as  a  check  on  the  older  method. 

Solutiois  Required. 

Standard  Solution  of  Calcium  Chloride. — This  is  prepared 
by  dissolving  0.2  gramme  of  pure  Iceland  spar  in  dilute  HCI 
and  evaporating  several  times  with  water  on  the  water-bath, 
dissolving  residue  in  water  and  making  it  up  to  a  litre. 

Standard  Soap  Solution. — Put  about  25  grammes  shredded 
Castile  soap  into  a  Winchester  quart,  and  almost  fill  with  a 
mixture  of  two  parts  of  methylated  spirits  and  one  part  of 
water,  shake  occasionally  till  the  soap  is  dissolved,  and  allow 
to  settle.  Syphon  ofif  a  portion  of  the  clear  solution,  keeping  the 
remainder  as  stock  solution. 

Test  by  agitating  with  50  c.c.  of  the  standard  calcium 
chloride,  and  dilute  with  the  mixture  of  spirit  and  water  till 
a  permanent  lather  is  produced  by  14.25  c.c.  If  any  sediment 
separates  out  on  standing  for  24  hours,  it  should  be  tested  again. 
In  very  cold  weather  a  heavy  sediment  separates  out,  which  goes 
into  solution  again  if  the  bottle  is  left  standing  for  a  little  time 
in  a  warm  room. 
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Total  Hardness. — Measure  out  50  c.c.  of  the  water  into  a 
stoppered  bottle  of  about  250  c.c.  capacity.  Shake  well  and  draw 
out  air  in  upper  portion  of  bottle  with  a  pipette  so  as  to  remove 
any  CUn  which  has  been  given  off. 

Run  in  soap  solution,  i  c.c.  at  a  time,  shaking  well  after 
each  atldition  until  a  lather  begins  to  form,  when  the  soap  solu- 
tion should  be  added  in  quantities  of  one-fifth  of  a  c.c,  finally 
finishing  off  with  one-tenth  of  a  c.c.  addition.  On  obtaining  a 
lather  which  remains  unbroken  for  five  minutes,  the  determina- 
tion is  finished.  The  hardness  of  the  water  expressed  as  parts 
calcium  carbonate  per  100,000  is  obtained  from  the  number  of 
c.c.  soap  solution  used  minus  0.5  c.c.  for  the  end-point,  by 
multiplying  by   1.4. 

If  magnesium  salts  are  present  in  large  quantities,  a  false 
end-point  is  often  obtained,  a  good  lather  forming  and  suddenly 
disappearing. 

The  end-point,  too,  is  often  difficult  to  ascertain,  and  it  is 
then  better  to  dilute  the  water,  so  that  a  smaller  quantity  of  soap 
solution  gives  a  good  lather. 

If  more  than  16  c.c.  soap  solution  are  required,  it  is  better 
to  take  25  c.c.  of  the  water  and  dilute  to  50  c.c.  with  freshly 
boiled,  cold  distilled  water  before  making  the  determination. 

Permanent  Hardness. — Take  about  250  c.c.  of  the  water  in 
a  flask  and  weigh  flask  and  water.  Boil  for  half  an  hour,  adding 
distilled  water  from  time  to  time.  Cool  and  make  up  to  original 
weight  with  freshly  boiled  cold  distilled  water.  Filter  and  titrate 
50  c.c.  with  soap  solution  as  above. 

From  the  c.c.  soap  solution  used  the  permanent  hardness  is 
obtained  as  above. 

Temporary  Hardness. — The  difference  between  the  total  and 
permanent  hardness  gives  the  temporary  hardness  of  the  water. 

The  calculated  amount  of  lime  for  softening  is  0.56  (T  -f-  i) 
-|-  2.7^  Mg,  where  T  =  temporary  hardness,  and  Mg  =  magne- 
sium ion.  This  gives  the  result  in  parts  of  pure  lime  per  100,000 
of  water. 

Hehner's  Method. 

Estimation  of  Hardness  by  Standard  Acid. — The  following 
solutions  are  recjuired :  (a)  Decinormal  hL.SO^ ;  {b)  decinorm  d 
NaoCOa ;  (c)  methyl  orange. 
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Temporary  Hardness. — Perform  the  process  for  alkalinity 
on  page  8i.  The  number  of  c.c.  acid  required  multiplied  by  5 
gives  parts  CaCOs  per  100,000. 

Permanent  Hardness. — To  100  c.c.  of  the  water  add  20  c.c. 
N/io  NagCOs;  take  to  dryness  on  a  water-bath  in  a  platinum 
dish.  Extract  residue  with  hot  distilled  water,  and  filter  and 
wash  thoroughly  with  hot  distilled  water,  cool,  and  titrate  with 
N/io  acid,  using  mehyl  orange.  The  number  of  c.c.  N/iO 
NaXOs  difference  multiplied  by  5  gives  the  permanent  hardness. 

Total  Hardness. — The  total  hardness  is  obtained  by  adding 
together  the  temporary  and  permanent  hardness. 

Hehner's  method  is  a  good  practical  method  for  control  work 
on  a  softening  plant,  both  for  unsoftened  and  softened  waters, 
as  it  gives  results  for  soda  consumption  on  a  small  scale,  corres- 
ponding exactly  with  what  should  take  place  in  a  softening  plant, 
and  also  shows  if  any  undue  quantity  of  soda  is  being  used. 

The  calculated  amount  of  soda-ash  for  softening  is  i.i  times 
the  permanent  hardness,  calculated  in  parts  per  100,000  of  water. 

Condenser  Waters. 

Condenser  waters  should  be  tested  regularly,  more 
especially  in  modern  plants  in  which  the  condensed  water  goes 
straight  to  the  hot  well  or  boiler  feed. 

It  is  advisable  to  make  a  hardness  test  and  a  qualitative  test 
for  sulphates,  as  these  will  show  if  any  tubes  are  leaking  and 
any  unduly  large  quantity  of  the  cooling  water  contaminating  the 
condensed  steam.  As  a  rule  cooling  pond  waters  are  high  in 
sulphates,  so  a  qualitative  test  can  be  done  by  acidifying  100  c.c. 
with  HCl  and  adding  a  few  drops  of  barium  chloride  solution. 
With  a  little  experience  the  amount  of  barium  sulphate  precipi- 
tated gives  a  good  idea  of  the  state  of  the  condensers  and  as 
to  whether  tubes  are  leaking. 

Oil  IN  Waters. 

Condenser  waters  almost  invariably  carry  emulsified  oil  in 
small  or  large  quantities,  and  the  amount  should  be  determined 
from  time  to  time,  the  appearance  of  the  water  indicating  when 
the  determination  is  necessary. 


105 

Determination  of  the  Emulsified  Oil  in  Water. 

To  about  400  c.c.  of  the  water  acid  0.25  grm.  chemically 
pure  alum.  Boil  and  add  NH3  to  precipitate  hydrated 
alumina;  the  cloudy  appearance  of  the  water  due  to  the  oil  at 
once  disappears,  the  oil  being  taken  up  by  the  precipitate.  Filter 
and  dry  in  an  oven.  Extract  the  oil  from  the  precipitate  with 
ether  in  a  Soxhlet  apparatus,  and  weigh,  or  if  a  Soxhlet  is  not 
available,  place  the  funnel  containing  paper  and  precipitate  over 
a  small  weighed  flask,  and  wash  precipitate  with  a  jet  (fine)  of 
ether  from  the  wash  bottle  till  free  from  oil.  Connect  flask  with 
a  condenser,  distil  off  the  ether,  and  weigh  flask  and  oil  residue. 
In  some  cases  the  oil  can  be  directly  extracted  from  the  water 
(acidified)  by  shaking  with  ether  and  separating. 

Cooling-dam  Waters. 

A  modern  power  plant  requires  very  large  quantities  of 
water  for  cooling  condensers,  etc.  On  the  Rand  this  is  generally 
stored  in  large  dams,  with  elaborate  cooling  devices  for  the  hot 
return  water.  Evaporation  in  these  dams  is  very  rapid,  especially 
in  the  dry  windy  season. 

The  main  source  of  supply  for  many  of  these  dams  is  the 
water  pumped  from  the  mine,  already  containing  a  large  amount 
of  CaS04,  and  in  the  dry  season  if  a  careful  check  is  not 
maintained  it  can  easily  happen  that  the  water  may  become  super- 
saturated with  CaS04,  and  the  condensing  plant  rendered  useless. 
A  good  cooling  water  should  contain  : — 

(a)  No  lime  present  as  such  (free  calcium  hydrate);  (b) 
very  little  carbonate  of  lime;  (c)  no  free  acid  or  ferric  sulphate; 
(d)  no  ferrous  salts  (sulphates)  ;  (e)  calcium  sulphate  as  much 
below  saturation  point  as  can  be  economically  maintained  with 
good  working  results ;  (/)  dissolved  solids  as  low  as  can  be 
maintained,  allowing  for  CaS04. 

Excess  of  lime  is  seldom  met  with,  but  should  be  tested  for 
with  phenolphthalein,  and  determined  if  an  alkaline  reaction  is 
shown. 

CaCOg  is  seldom  found,  but  should  be  tested  for  with  methyl 
orange  and  N/io  acid.     It  is  present  as  bicarbonate. 

Ferrous  sulphate,  which  is  found  occasionally,  can  be  tested 
for  by  acidifying   with   H^jSO^   and   adding   a    freshly   washed 
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crystal  of  potassium  ferricyanide,  any  blue  colour  developing 
indicating  the  presence  of  ferrous  sulphate.  If  neutralised  it 
can  be  removed  by  oxidation. 

The  writer  has  found  that  if  a  CaSO^  content  of  not  more 
than  i6  lbs.  per  i,ooo  gallons  is  maintained  in  conjunction  with  a 
dissolved-solids  figure  of  not  more  than  360  parts  per  100,000, 
practically  no  trouble  from  deposition  of  CaSO^  is  found. 

In  conjunction  with  the  cooling-dam  water,  the  "  make-up  "* 
to  it  should  be  examined  regularly,  and  any  tendency  towards 
the  occurrence  of  the  undesirable  substances  mentioned  in  the 
previous  paragraph  counteracted  as  soon  as  possible. 

Industrial  Waters. 

Practically  the  same  remarks  as  to  undesirable  substances  in 
cooling-dam  water  are  applicable  to  this,  and  it  is  quite  good 
practice  to  take  the  make-up  for  the  reduction  works  service 
from  the  cooling-dam,  thereby  helping  to  keep  the  cooling-dam 
solids  at  a  low  working  figure,  while  the  warm  water  from  the 
dam  is  advantageous  in  the  reduction  works. 

The  following  water  samples  should  be  examined  regularly 
from  a  power  producing  plant : — Entering  softening  plant ; 
leaving  softening  plant;  make-up  to  hot  well;  hot  well;  con- 
densed water ;  make-up  to  cooling  dam ;  cooling  dam ;  cooling 
dam  discharge. 

Daily  routine  tests  for  hardness  by  the  soap  solution  method 
can  be  done  by  the  boiler  attendant  or  some  other  official,  but  a 
check  on  all  the  above  samples  should  be  made  at  least  once  a 
week  by  the  chemist  or  assayer.  Close  touch  should  be  main- 
tained with  the  engineer. 

Water  Softening. 

The  principal  scale-forming  substances  generally  found  in 
water  are  the  bicarbonates  of  lime  and  magnesium  and  sulphate 
of  lime.  The  first  two,  on  heating,  give  ofif  the  CO2  which  keeps 
them  soluble  in  cold  water,  and  are  precipitated  as  carbonates  of 
lime  and  magnesia.  Calcium  sulphate  is  insoluble  in  boiling 
water  at  50  lbs.  pressure  and  upwards,  and  is  precipitated  in 
the  form  of  heavy  crystals,  which,  with  the  carbonates  of  lime  and 

*  Water  added. 
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magnesia,  traces  of  silica  ami  oxide  of  iron  and  alumina,  forms  a 
continuous  cement-like  scale  of  great  hardness. 

Magnesium  sulphate  is  not  a  scale  former,  being  extremely 
soluble,  but  has  to  be  reckoned  with  in  removing  the  salts  of  lime. 
Thus,  supposing  a  water  containing  only  bicarbonate  of  lime  and 
magnesium  sulphate  to  be  treated  with  lime  water  to  remove  the 
bicarbonate  of  lime,  the  lime  water  reacts  with  the  magnesium 
sulphate,  forming  calcium  sulphate  and  magnesium  hydrate,  the 
latter  reacting  with  the  bicarbonate  of  lime  to  give  insoluble 
mono-carbonates,  but  leaving  the  objectionable  calcium  sulphate 
behind. 

The  general  and  most  economical  softening  treatment  for 
water  consists  of  treatment  with  lime  water  to  remove  all  bicar- 
bonates  and  excess  of  CO^,  together  with  treatment  by  sodium 
carbonate  in  sufficient  quantity  to  precipitate  all  calcium  and 
magnesium   sulphates. 

The  following  are  the  reactions : — 
Ca(HC03)2  +  Ca(OH)o     =     aCaCO., -f  2H,0. 
Mg(HC03)2  +  Ca(OH)2    =     MgCOg -f  CaCOg  +  2H3O. 
CaSO,  +  Na^COa  =     Na,SO,  +  CaCOg. 

MgSO,  +  NaXOs  =     NaoSO,  -f  MgCO^. 

The  temporary  hardness  is  removed  by  the  precipitation  of 
insoluble  carbonates  of  lime  and  magnesium,  and  the  permanent 
hardness  by  forming  insoluble  calcium  carbonate,  together  with 
the  very  soluble  sodium  sulphate,  which  is  not  a  scale  former  and 
is  non-corrosive.  The  quantities  required  are  calculated  from 
the  temporary  and  permanent  hardnesses  and  from  the  mag- 
nesium, and  are  given  in  the  preceding  section.  No  further 
analysis  of  the  water  is  necessary.      (See  page  83.) 

On  one  occasion  the  writer  had  to  examine  a  boiler  scale, 
and  found  that  it  was  easily  soluble  in  water,  consisting  very 
largely  of  sodium  sulphate.  Its  formation  in  the  boiler  tubes 
was  due  to  extreme  concentration  in  the  boiler  through  neglect 
(for  the  sake  of  economy)  to  blow  down  sufficiently  often. 

LuBRic.XTiNG  Oils. 

These  usually  consist  of  mixtures  of  mineral  with  vegetable 
or  animal  oils.  Their  precise  composition  is  generally  a  secret 
of  the  manufacturers. 
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For  buying  purposes,  it  is  generally  sufficient  to  know  their 
acidity,  viscosity  and  flash-point,  the  rest  of  the  analysis  being 
beyond  the  scope  of  this  book. 

Acidity. 

This  is  of  considerable  importance  as  influencing  the  action 
of  the  oil  on  bearings.  The  oil  should  contain  no  free  mineral 
acid  and  not  more  than  4  per  cent,  organic  calculated  as  oleic 
acid,  although  under  2  per  cent,  is  preferable. 

Total  acidity  is  determined  by  shaking  the  oil  (10  grams)  in 
a  flask  with  methylated  or  rectified  spirit  and  titrating  with  N/io 
caustic  soda,  using  phenolphthalein  as  indicator :  i  c.c.  =0.0282 
oleic  acid.  The  spirit  used  is  neutralised  beforehand  by  adding 
a  few  drops  of  phenolphthalein  solution  and  dropping  in  caustic 
soda  solution  until  a  faint  permanent  pink  is  obtained. 

Free  mineral  acid  is  extracted  by  shaking  about  25  grams  of 
the  oil  with  200  c.c.  of  hot  water  in  a  separating  funnel,  and 
passing  the  aqueous  solution  through  a  wet  filter-paper.  To  the 
cold  filtrate  methyl  orange  is  added,  and  if  a  red  colour  develops 
the  shaking  must  be  continued  with  more  water,  the  final  cold 
filtrates  from  the  oil  being  titrated  with  N/io  soda  to  yellow,  and 
the  result  returned  in  terms  of  sulphuric  acid :  i  c.c.  ^  0.0049 
gm.  H^SO,. 

If  any  mineral  acidity  is  found,  it  must  be  recalculated  into 
oleic  acid  by  multiplying  by  5^4,  and  deducted  from  the  total 
acidity  to  give  the  organic  acid  calculated  as  oleic  acid. 

Viscosity. 

This  is  arbitrarily  determined  by  measuring  the  rate  of  flow 
of  the  oil  through  a  standard  aperture  at  varying  temperatures. 

For  this  purpose  there  are  several  types  of  apparatus,  the 
Saybolt  and  Doolittle  (American),  the  Engler  (German),  and 
the  Redwood   (used  in  the  United  Kingdom). 

It  will  suffice  to  describe  the  standard  Redwood  viscometer. 

It  consists  of  a  metal  cylinder  containing  the  oil,  and  an 
outer  jacket  filled  with  water  or  oil  for  maintaining  constant 
temperatures. 

The  latter  is  fitted  with  stirring  vanes.  The  inner  vessel, 
which  contains  the  oil  to  be  tested,  has  a  small  agate  orifice 
which  is  closed  by  a  bulb  valve  until  the  temperatures  are 
adjusted. 
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A  50  c.c.  flask  accurately  marked  is  placed  below  the  orifice, 
and  the  time  recorded  in  seconds  for  filling  it  to  the  mark. 

This  rate  of  flow  at  diflferent  temperatures  is  all  that  is 
usually  required  by  the  engineer. 

The  calculation  to  absolute  viscosity  may  be  found  in 
"  Lubrication  and  Lubricants,"  by  Archbutt  and  Deeley,  as  also 
illustrations  of  the  various  types  of  apparatus. 

Flash-Point. 

This  may  be  described  as  the  temperature  at  which  a  mixture 
of  the  vapour  of  the  oil  and  air  can  be  ignited. 

In  the  "  closed  test  "  the  oil  is  enclosed  in  a  receptacle, 
heated  and  stirred  with  vanes,  one  agitating  the  air  above  and 
one  the  oil. 

From  time  to  time  as  the  temperature  rises  a  small  gas  jet, 
which  is  mechanically  operated,  is  directed  through  an  opening 
in  the  cover. 

The  point  at  which  a  distinct  flash  is  observed  is  taken  as 
the  flash-point.  Of  the  several  types  of  apparatus  used  for  this 
purpose,  the  Gray  tester  is  the  simplest  and  most  easily  worked. 

For  the  "open  test"  (now  little  used)  the  cover  is  re- 
moved. The  temperature  required  to  flash  is  naturally  a  higher 
one. 
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CHAPTER    X. 

ASSAY    OF    COMPLEX    GOLD    OEES. 

The  assayer  should  endeavour  to  obtain  a  fair  qualitative 
knowledge  of  the  composition  of  complex  ores  submitted  for 
assay,  and  he  will  be  guided  largely  by  thi?  knowledge  in  his 
selection  of  suitable  fluxing  material. 

Gold  is  often  found  associated  with  copper,  arsenic,  anti- 
mony, manganese,  zinc  and  tellurium ;  consequently  it  is  advis- 
able, when  dealing  with  an  unknown  ore,  to  make  a  qualita- 
tive analysis  in  order  to  determine  the  correct  treatment  which 
will  ensure  accurate  results.  Other  interfering  metals,  such  as 
osmium,  iridium  and  the  rest  of  the  platinoid  group,  are  dealt 
with  in  Chapter  ii,  page  ii8. 

Cupriferous  Ores. — An  ore  containing  more  than  i  per  cent, 
of  copper  should  be  treated  as  complex,  and  becomes  more 
difficult  to  treat  as  the  copper  percentage  increases. 

When  the  ore  does  not  contain  more  than  5  per  cent,  of 
copper,  and  is  sufficiently  rich  in  gold  to  permit  of  half  an  assay 
ton  being  taken,  the  standard  mine  flux  may  be  used,  taking  60 
grams  and  adding  40  grams  extra  litharge  with  sufficient  reducing 
agent  to  bring  down  all  the  lead ;  the  lead  is  then  scorified  to 
work  off  the  copper  as  oxide ;  the  resulting  button  should  weigh 
about  20  grams,  and  may  safely  be  cupelled  in  the  ordinary 
way.  One  part  of  copper  requires  about  16  parts  of  lead  for 
cupellation. 

The  slags  from  all  fusions  and  scorifications  of  rich  samples 
should  be  broken  up  and  run  down  with  a  suitable  flux,  as  they 
are  liable  to  contain  gold  and  silver ;  the  resultant  button  is 
cupelled,  and  the  prill  added  to  the  original  one  for  inquarting 
and  parting. 

When  the  copper  present  exceeds  10  per  cent,  or  the  gold 
content  is  low,  so  that  a  large  amount  must  be  taken  for  assa>', 
it  is  necessary  to  dissolve  out  the  copper  by  either  nitric  or 
sulphuric  acid,  the  latter  being  recommended  where  extreme 
accuracy  is  required. 
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Nitric  Acid  Method. — Place  one  assay  ton  of  the  ore  in  a 
beaker  and  suflficient  lo  per  cent,  nitric  acid,  cover  with  a  clock 
glass,  and  boil  for  about  one  iiour.  Cool.*  and  then  add  abont 
I  c.c.  of  hydrochloric  acid  or  sodium  chloride  solution  to  pre- 
cipitate the  silver,  and  stir  well:  then  add  about  lo  c.c.  {i.e., 
excess  of)  lead  nitrate,  which  forms  a  white  precipitate  of  lead 
chloride  with  the  excess  of  hydrochloric  acid,  and  serves  to  collect 
the  silver  chloride  precipitate. 

Filter  off  the  copper  nitrate  and  wash  once  with  cold  water. 

The  filter  paper  with  the  undissolved  ore  is  then  placed  in 
a  crucible  and  "  fluxed  "  in  the  usual  way. 

Sulphuric  Acid  Method. — Place  one  assay  ton  of  the  ore  in 
a  porcelain  dish,  add  25  c.c.  of  strong  sulphuric  acid,  using  as  a 
cover  an  inverted  glass  funnel,  and  heat  strongly  for  two  hours 
in  a  fume  chamber. 

Cool,  dilute  carefully  with  cold  water,  and  stir  thoroughly 
with  a  glass  rod  to  dissolve  the  copper  sulphate  ;  allow  to  cool,  and 
add  HCl  and  lead  nitrate  as  before ;  filter,  wash  once  with  water 
and  flux  as  before. 

Arsenical  and  Autimonial  ores  are  among  the  most  refractory 
of  the  gold-bearing  ores,  and  offer  great  difficulty  in  determining 
correctly  the  gold  content.  These  volatile  metals  may  be  re- 
moved by  a  preliminary  roasting  conducted  at  a  low  tempera- 
ture to  prevent  loss. 

Fusion  or  scorification  with  granulated  lead  upon  which  is 
sprinkled  a  little  fused  borax  may  then  be  resorted  to. 

A  method  for  arsenical  ores  which  eliminates  the  prelimi- 
nary roast  consists  in  fusing  direct  with  the  addition  of  an  iron 
rofl  and  scorifying  the  lead  button  and  speise  together. 

The  direct  scorification  method  may  be  carried  out  as 
follows: — Mix  ^  assay  ton  of  the  ore  with  3  assay  tons  of 
granulated  lead,  place  in  a  scorifier  with  not  more  than  one  gram 
of  fused  borax  on  top.  The  scorifier  is  placed  at  the  entrance 
of  the  muffle,  and  the  temperature  gently  raised  by  moving  it 
further  in  until  a  sufficiently  hot  part  of  the  muffle  has  been 
reached.  Scorification  is  continued  until  a  malleable  button  is 
obtained  of  not  less  than    15  grams;   the   slag  is  crushed   in   a 

*  Gold  will  be  dissolved  by  the  mixture  of  chloride  and  nitric  acid 
unless  quite  cold. 
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mortar  and  fluxed  with  sodium  carbonate,  fluorspar  and  a  re- 
ducing agent.  The  resultant  button  is  cupelled  with  the  original 
one  and  the  assay  completed  in  the  usual  way. 

Antimonial  Ores. — In  contradistinction  to  arsenical  com- 
pounds, these  are  usually  and  probably  best  assayed  by  direct 
fusion  with  nitre  and  excess  of  sodium  carbonate. 

Although  a  preliminary  roast  will  give  good  results,  it  is 
not  recommended  owing  to  the  fusible  nature  of  stibnite  and 
the  consequent  liability  to  cake  formation. 

If  the  resulting  button  from  the  fusion  is  brittle  it  should 
be  scorified  and  more  lead  added  before  cupellation ;  in  fusing, 
high  temperatures  should  be  avoided. 

The  following  is  a  suitable  charge  for  both  arsenical  and 
antimonial  ores : — 

Ore i.o  assay  ton. 

Caustic  soda 2.0       „         „ 

Red    lead    2.0       „         „ 

Borax      0.7       ,,         „ 

Silica 0.35     „         „ 

The  silica,  in  order  to  save  the  crucible  from  being  unduly 
attacked,  should  be  placed  at  the  bottom;  i  A.T.  of  the  caustic 
soda  is  then  placed  on  top  of  the  silica,  followed  by  the  mixture 
of  ore  and  red  lead;  the  remainder  of  the  caustic  soda  comes 
next,  and  finally  the  0.7  A.T.  of  fused  borax  is  added  as  a 
cover. 

When  the  fusion  is  complete  pour  and  save  the  slag:  if  the 
resultant  button  is  too  large  or  brittle,  scorify  again,  saving 
the  slag;  crush  the  two  slags  and  fuse  together,  the  button 
from  this  fusion  being  cupelled  with  the  original  one,  and  the 
assay  completed  in  the  usual  way. 

Acid  Treatment. — A  preliminary  treatment  with  concen- 
trated HCl  and  dilution  of  the  solution  with  a  weak  solution  of 
tartaric  acid  (to  prevent  reprecipitation  of  the  antimony)  and 
final  filtering,  drying  and  scorification  of  the  residue  will  give 
good  results. 

Telluride  Ores. — Tellurium  may  be  identified  by  heating  a 
small  piece  of  the  telluride  ore,  or  its  concentrate,  with  concen- 
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trated  ILSO^.  until  white  fumes  appear,  when,  on  add- 
ing a  small  piece  of  tinfoil  to  the  solution,  a  carmine  colour 
indicates  the  presence  of  tellurium.  The  colour  <lisappears  on 
cooling,  but  presents  itself  again  on  heating,  and  may  appear 
before  the  tin  is  added.  The  presence  of  much  iron  will  obscure 
the  colour. 

A  more  certain  test,  described  by  G.  T.  Holloway,  consists 
in  concentrating  the  telluride  and  conducting  a  fusion  assay  on 
the  concentrate ;  a  portion  of  the  resultant  lead  button  is  dis- 
solved in  nitric  acid,  the  solution  diluted  and  brought  into  con- 
tact with  lead  foil.  Any  tellurium  present  is  precipitated,  and 
may  be  dried  and  tested  with  sulphuric  acid  as  above.  Also, 
boiling  the  concentrate  with  very  strong  caustic  potash  and  zinc 
shavings  gives  a  violet  colour. 

The  essential  features  governing  the  assay  process  for  tel- 
luride ores  are : — 

(i)  The  charge  should  be  fritted  before  fusion  (fritting 
consists  in  heating  the  charge  to  low  redness,  thus  causing 
reaction  before  fusion). 

(2)  The  fusion  should  be  conducted  slowly  and  at  a  low 
heat  until  towards  the  end. 

(3)  The  charge  should  contain  a  large  excess  of  litharge 
for  the  twofold  purpose  of  inducing  the  tellurium  to  enter  the 
slag  as  oxide  and  of  giving  a  large-sized  button. 

(4)  Excess  of  silver  for  parting  purposes  must  be  added 
to  the  fusion  to  prevent  loss  both  in  fusion  and  cupellation. 

(5)  The  lead  button  should  be  large  so  as  to  aid  in  the 
removal  of  the  tellurium  during  cupellation  in  the  early  stages. 
Too  great  a  concentration  of  tellurium  during  the  final  stages  of 
cupellation  will  produce  heavy  losses  of  gold  and  silver,  and 
tellurium  should  be  removed  before  cupellation  by  "  double  scori- 
fication,"  i.e.,  it  is  necessary  to  scorify  to  about  two-thirds  or 
one-half  size  and  pour,  most  of  the  tellurium  being  now  in  the 
slag:  more  lead  is  added  and  the  scorification  repeated,  pouring 
before  the  button  is  reduced  to  half  size,  since  if  scorification  is 
taken  too  far,  tellurium  will  come  back  from  the  slag  into  the 
lead. 
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The  following  flux  may  be  used  for  telluride  ores : 

Ore 0.5     assay  ton. 

Litharge 2.7  assay  tons. 

Sodium  carbonate 0.7  assay  ton. 

Borax 0.7       „         „ 

and  reducing  agent  sufficient  to  give  about  a  40-gram  button. 
Commence  with  a  slow  fire,  and,  when  the  charge  is  fused,  raise 
the  temperature  and  finish  with  a  very  hot  fire. 

Save  the  slag  and  run  down  with  a  suitable  flux  and  silver, 
cupel  the  resultant  button  with  the  original  one,  and  complete 
in  the  usual  way. 

Manganese. — When  this  metal  is  present  as  an  oxide  add 
excess  of  reducing  agent ;  probably  about  twice  the  amount 
required  for  the  ordinary  silicious  ore  will  be  necessary. 

Zinc. — Interference  due  to  the  presence  of  zinc  may  be  over- 
come by  increasing  the  proportion  of  sodium  carbonate  and  by 
decreasing  the  reducing  agent. 

Tin,  which  rarely  occurs  in  payable  gold  ores,  may  also  be 
fluxed  oflf  with  soda  and  less  reducing  agent  should  be  used. 
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CHAPTER  XI. 

ANALYSIS  OF  GOLD  BULLION.  PLATINOIDS.  AND  ORES  OF 
COMMON    METALS. 

In  analysing  gold  bullion  for  base  metals  the  percentages 
to  be  determined  are  usually  very  small. 

The  chief  impurities  are  lead  and  copper;  traces  of  nickel, 
arsenic  and  bismuth  are  also  often  found. 

Manganese  and  zinc  have  also  been  detected,  the  former 
having  its  source  in  the  MnOo  used  for  fluxing  the  gold  slime. 

It  might  be  expected  that  zinc  and  arsenic  would  be  absent 
in  a  bullion  bar,  considering  the  high  temperature  at  which  the 
metal  is  melted,  but  these  impurities  have  definitely  been  proved 
to  be  present. 

The  gold  and  silver  are  estimated  by  cupellation  assay  as 
given  in  another  part  of  this  volume;  for  the  other  metals  a 
large  quantity  has  to  be  taken,  about  lo  grams  being  suitable. 

The  bullion  is  dissolved  in  aqua  regia,  and  the  solution 
evaporated  down  to  a  syrupy  consistency,  then  diluted  consider- 
ably, and  the  silver  chloride  settled  and  removed  by  filtration. 
Sulphur  dioxide  is  then  passed  into  the  filtrate  till  a  considerable 
excess  is  present,  and  the  mixture  allowed  to  stand  for  three 
or  four  days  in  a  warm  place. 

The  gold  is  precipitated,  possibly  accompanied  by  some  of 
the  lead  (as  PbSO^).  Filter  off  the  solution,  wash  well,  warm 
the  precipitated  gold  with  ammonium  acetate  solution,  and  filter 
off  the  dissolved  lead. 

This  filtrate  (a)  is  put  aside  and  the  remainder  of  the  lead 
afterwards  added  to  it. 

The  original  filtrate  from  the  precipitation  of  the  gold  by 
SO2  is  evaporated  with  a  little  sulphuric  acid  until  dense  white 
fumes  are  given  off.  It  is  then  allowed  to  cool  and  diluted, 
and  if  any  lead  sulphate  is  seen  it  is  filtered  and  washed.  The 
precipitate  is  dissolved  in  ammonium  acetate  solution  and  added 
to  filtrate  (a). 
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The  dissolved  lead  is  precipitated  by  adding  ammonium 
molybdate  solution  and  warming.      (See  page  123.) 

When  weighed,  PbMoO^  X  0.564  =  Pb. 

The  sulphuric  acid  filtrate  is  neutralized  with  ammonia, 
made  slightly  acid  with  HCl  and  HoS  passed  into  the  solution. 
This  precipitates  arsenic,  copper,  and  bismuth.  The  precipitated 
sulphides,  after  filtration,  are  digested  with  caustic  soda  solu- 
tion, which  dissolves  the  arsenic  and  leaves  the  copper  and 
bismuth   sulphides   unaltered. 

Acidify  the  alkaline  filtrate  and  pass  H2S  again  to  precipitate 
the  arsenic  as  sulphide.  Again  filter,  treat  the  precipitate  with 
HCl  and  bromine,  and  when  dissolved  add  cautiously  a  large 
excess  of  ammonia.  Precipitate  the  arsenic  with  magnesia 
mixture,  stir  well,   and  allow  to   stand  overnight. 

Filter,  wash  with  dilute  ammonia,  dry  and  ignite  the  precipi- 
tate, which  is  weighed  as  magnesium  pyroarsenate.  (See  page 
166.) 

MggAsaO,  X  0.483  =  As. 

The  copper  and  bismuth  sulphides  left  after  caustic  soda 
treatment  are  dissolved  in  nitric  acid,  rendered  alkaline  with 
ammonia,  and  the  copper  titrated  with  standard  cyanide  solution. 

After  titration  ammonium  carbonate  is  added,  which  pre- 
cipitates the  bismuth.  Filter,  wash,  dry  and  ignite  the  pre- 
cipitate, which  is  weighed  as  BiaOg.     BijOg  X  0.897  =  Bi. 

The  filtrate  from  the  original  HjS  treatment — containing 
the  iron,  manganese,  nickel  and  zinc — is  boiled  to  expel  excess 
of  HgS,  and  nitric  acid  added  to  oxidise  the  iron,  boiling  again. 

Excess  of  ammonia  is  added,  and  the  precipitated  ferric 
hydrate  filtered  off,  washed,  ignited  and  weighed  as  FeoOg. 

FcoOa  X  0.699  =  Fe. 

To  the  filtrate  bromine  is  added  in  excess,  and  the  solution 
afterwards  rendered  ammoniacal.  This  precipitates  the 
manganese.  The  beaker  is  allowed  to  stand  at  a  temperature 
just  below  the  boiling-point  for  some  time;  the  precipitate  is 
then  filtered  off,  washed,  ignited  and  weighed  as  MugOj. 
MttgO^  X  0.721  =  Mn.  Caustic  soda  in  slight  excess  is  added 
to  the  filtrate  to  precipitate  the  nickel  as  hydrate,  after  boiling 
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away  tlic  aninionia.  This  is  filtered  olY,  and  washed  well 
with  hot  water.  The  precipitate  is  ignited  and  weighed  as  NiO. 
NiO  X  0.786  =  Ni. 

The  excess  alkali  in  the  filtrate  is  nearly  neutralized  with 
HCl,  and  HoS  passed  into  the  faintly  alkaline  solution. 

The  precipitated  zinc  sulphide  is  filtered  off,  washed  well 
with  HoS  water  and  dried.  The  paper  is  moistened  with 
ammonium  nitrate  solution,  dried  and  ignited  cautiously  in  a 
porcelain  crucible. 

The  residue  is  zinc  oxide,  ZnO  X  0.803  =  Zn. 

Table  for  Qualitative   Separation  of  a  Mixture  of  Gold 
AND  Platinoid  Metals. 

Assume  Cu,  Ru,  Rh,  Pd,  Ag,  Os,  Ir,  Pt,  Au  and  insoluble 
heavy  minerals  like  rutile  and  chromite  to  be  present. 

See  next  page. 
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Table   i. 
Long  extraction  with  3HCI   plus  1HNO3. 

\ 

Solution.  Insoluble. 

Cu,  Rh,  Pd,  Pt,  Au  (plus  traces      AgCl,  Ru,  Os,  Ir,  rutile,  etc. 
of  Ir  and  Os).  (See  Table  2.) 

Evaporate   off   nearly   all   the   acid,   add  cone.    NH^Cl   solution. 


Filtrate  Cu,  Rh,  Pd.  Au  (plus         Precipitate       orange     yellow, 
trace  Os).  AmoPtClcH- traces  AmJrCl.j. 

Ignite  to  metal. 

Add  NaOH  in  excess  and  boil  off  NH3  completely. 


Filtrate  Rh,  Pd,  Au.  Precipitate  CuO. 

Add  more  NaOH  if  necessary,  then  H2O2  and  boil. 

I  ^1 

Filtrate  Rh,  Pd.  Precipitate  gold  metal. 


Boil  with  zinc    dust    and  ex- 
tract     precipitate      with     >-    Reject  solution, 

dilute  HCl. 


Rh,  Pd  as  metals  plus  trace  Os. 


Fuse  with  lead  metal  under  melted  ZnClg  plus  AmCl  and  extract 
Pb  button  with  dilute  HNO3  (large  excess). 


Insoluble  Rh,  plus  trace  Os.  Solution  Pb  plus  Pd.  Evapo- 

rate and  remove  bulk  of  Pb 
by  HCl.  Filtrate,  after 
re-evaporating  with  HC! 
and  extraction  with  i :  i 
Purify  by  BaO,  fusion  as  in  HCl,     gives     insol.     black 

Table  2.  Solution  is  rose-  PdL    when      treated    with 

coloured.  KI. 
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Taiile  2. 

For  Insoluble  Platinoids. 

Extract  AgCl  by  NIT,;  fuse  the  residue  with  zinc  metal 
(covered  with  ZnCL  and  AniCl)  near  the  boih'ng-point  of  zinc, 
stirring  vigorously.  Ru,  Os  and  Ir  dissolve  in  the  zinc  in  course 
of  time,  leaving  the  rutile-like  minerals  in  the  ZnCl,  layer.  Wash 
the  zinc  regulus  and  dissolve  it  in  excess  dilute  HCl.  A  black 
powder  of  pure  Ru  —  Os  —  Ir  remains.  Reject  liquor.  Dry, 
mix  with  3  parts  BaO,  plus  i  part  Ba(N03)o.*  Heat  for  an 
hour  in  muffle  at  a  low  red  heat  only  in  a  shallow  vessel.  Grind 
it  into  a  fine  powder.  (Caution. — This  dust  is  very  poisonous.) 
In  the  open  air  add  the  powder  to  warm  dilute  HCl,  then  add 
some  HXO3,  and  when  dissolved  precipitate  the  barium  by 
H2SO4,  not  in  excess.  During  this  stage  poisonous  vapours  of 
csmium  tetroxide  (osmic  acid)  are  given  off;  avoid  breathing 
tliem. 

Decant  from  BaSO^  and  distil  the  liquor  to  half  bulk. 


In  flask  Ir  and  Ru ;  evaporate         Distillate    OSO4.     Add    NH3 
to  dryness  with  AmCl  and  and  recover  Os  by  HgS. 

extract  with  dilute  AmCl 
solution.  (Reject  solution.) 


Insoluble  AmalrClg  -f-  AmaRuGo. 


Ignite  to  metals. 

Fuse  spongy  metals  with  KNO3  +  KOH  or  NajO^  in  silver 
hasinf ;  extract  with  water. 


Insoluble  iridium  metal. 


Solution  orange  =  KjRuO^. 
Neutralise,  boil.  RuO,  is 
precipitated. 


*  Sodium  peroxide  can  be  used  instead  of  tliis  niixtuic. 
•|- Caution:   silver  melts  at  950°. 
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Assay  of  Ores  of  Common  Metals. 

Zinc. 

Zinc  is  most  easily  and  satisfactorily  estimated  by  either 
the  acid  or  alkaline  ferrocyanide  method,  the  alkaline  being 
the  preferable  one  in  the  absence  of  manganese.  The  chemical 
reaction  is  expressed  by  the  following  equation : — 

3ZnCl2  +  2K4FeCy6  =  KoZngFca  Cyia  +  6KC1, 

and  the  end  of  the  titration  is  determined  by  an  outside  indicator. 
In  the  acid  method  a  solution  of  uranium  acetate  or  nitrate  is 
used  on  a  spot  plate,  a  brown  colour  produced  by  a  drop  of 
the  test  liquid  indicating  the  end  of  the  titration,  while  in  the 
alkaline  method  glacial  acetic  acid  is  used,  a  blue  colour  denot- 
ing the  end  of  the  titration. 

Requirements. — i.  Standard  solution  of  zinc  chloride 
(ZnCU)  :  Weigh  accurately  lo  grammes  of  pure  zinc  and  dis- 
solve in  the  smallest  quantity  of  C.P.  hydrochloric  acid  at  a 
moderate  temperature.  When  solution  is  complete  bring  the 
volume  up  to  about  500  c.c.  and  neutralize  excess  of  acid  with 
sodium  carbonate  until  there  is  a  faint  permanent  precipitate, 
which  disappears  on  adding  a  drop  or  two  of  hydrochloric  acid. 
The  solution  is  then  cooled  to  normal  temperature,  and  the  flask 
filled  to  the  mark  (1,000  c.c.)  and  well  shaken  and  stoppered. 

2.  Potassium  ferrocyanide  solution :  The  most  convenient 
strength  is  46  grammes  to  the  litre,  then  i  c.c.  =  .01  grm.  Zn. 

3.  Uranium  acetate  or  nitrate  =  i  per  cent,  aqueous  solu- 
tion (indicator). 

4.  Glacial  acetic  acid. 

5.  Spot  plate. 

Standardising. — It  is  important  to  standardise  under  the 
conditions  existing  in  the  ordinary  assay.  Proceed  as  following : 
Mix  in  a  flask  20  c.c.  of  standard  ZnCL  (zinc  chloride),  100  c.c. 
of  water,  and  excess  of  ammonium  chloride  (say  10  grams). 
Heat  the  contents  of  the  flask  to  about  90°  C,  and  titrate  with 
the  potassium  ferrocyanide  solution,  stirring  well  with  a  glass 
tube.  A  tube  is  more  convenient  than  a  rod  for  the  spot  test. 
After  each  addition  of  ferrocyanide  a  drop  of  the  mixture  is  let 
fall  into  a  drop  of  the  indicator  (previously  spotted  on  a  white 
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porcelain  spot  plate),  and  the  end  of  the  reaction  is  indicated  by 
a  brown  colour   ( uranyl    ferrocyanide). 

Example:  20  c.c.  ZnCl,  req.   19.4  c.c.  K^FeCy^. 
i.e..  .2  grm.  Zn.       „      19.4  c.c.          „ 

.2 
i.e.,  I  c.c.  K^FeCyo  =  0103  grm.  Zn. 

.Icid  ferrocyanide  method  for  zinc  ore  —  Schultz  and  Low 
(manganese  present).  Weigh  i  grm.  of  the  ore  which  has  been 
very  finely  ground  in  an  agate  mortar  and  place  in  a  casserole 
or  porcelain  evaporating  dish,  then  add  15  c.c.  of  a  saturated 
solution  of  potassium  chlorate  in  nitric  acid,  cover  with  a  clock 
glass,  and  evaporate  to  dryness  on  a  sandbath,  finishing  on  a 
water-bath  to  avoid  overheating.  Cool  and  add  about  7  grnis. 
ammonium  chloride.  2^  c.c.  hot  water,  and  15  c.c.  ammonia. 
Stir  well  and  heat  to  boiling.  Filter  and  wash  with  ammonium 
chloride  solution  (10  grnis.  per  litre  made  slightly  alkaline  with 
NH4OH).  Dissolve  the  insoluble  in  aqua  regia,  evaporate  to 
a  paste,  and  reheat  as  above  in  order  to  dissolve  any  zinc  salt 
that  may  be  retained.  Filter  and  add  filtrate  to  first  filtrate. 
To  the  combined  liquids  add  25  c.c.  hydrochloric  acid,  and  make 
up  with  water  to  200  c.c,  heat  to  about  90°  C,  and  titrate  with 
standardised  ferrocyanide  solution  in  the  same  manner  as  when 
standardising. 

If  zinc  is  present  as  carbonate,  heat  with  a  little  hydrochloric 
acid  before  adding  the  nitric  acid. 

If  copper  is  present,  add  20  grms.  of  granulated  lead  and 
stir  well  before  titrating,  or  pass  sulphuretted  hydrogen  just 
before  titrating.  This  will  precipitate  copper,  cadmium  and 
arsenic,  and  there  is  no  need  to  filter  off  the  precipitate  unless 
the  copper  exceeds  10  per  cent.,  as  the  precipitate  will  not 
interfere  with  the  indicator. 

Example. — Assay  solution  (from  i  grm.  ore)  req.  39.7  c.c. 
ferrocyanide. 

I  c.c.  ferrocyanide  =  .0103  grm.  Zn. 
39-7  c.c.  „  =  .0103  X  39-7  =  -4089  grm.  Zn. 

Percentage  value  of  ore  =  .4089  X   100  =    40.9   per   cent. 
Zn. 
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Alkaline  Ferrocyanide  Method. — This  method  is  preferable 
in  the  absence  of  manganese.  Treat  i  grm.  of  ore  as  in  the 
acid  method,  but  if  the  ore  is  rich  the  solution  and  titration  may 
be  done  in  the  same  vessel,  no  potassium  chlorate  being  used, 
and  the  evaporation  omitted.     Make  up  to  200  c.c. 

If  no  iron  is  present  add  a  drop  or  two  or  ferric  chloride 
solution  and  2  or  3  grms.  of  potassium  tartrate,  and  then 
ammonium  hydrate  to   faint  alkalinity. 

Boil  and  just  before  titration  add  three  or  four  drops  of 
strong  ammonia,  and  titrate  hot  with  standard  ferrocyanide, 
using  glacial  acetic  acid  as  an  outside  indicator,  in  the  same 
manner  as  in  the  acid  method,  taking  the  first  blue  colour  as 
the  end  of  the  reaction. 

The  addition  of  a  few  drops  of  strong  ammonia  before 
titration  is  necessary,  as  the  action  of  the  indicator  is  slow, 
unless  ammonia  is  present  in  slight  quantity.  Lead  doe?  not 
interfere. 

Copper,  cadmium  and  arsenic  can  be  separated  by  sulphur- 
etted hydrogen  or  copper  by  granulated  lead  before  rendering 
the  solution  alkaline. 

Standardising. — Observe  the  same  conditions  as  in  the  assav 
of  the  ore. 

Mix  20  c.c.  standard  ZnCU  (zinc  chloride),  ferric  chloride 
(approximately  the  same  amount  as  in  the  ore),  2  or  3  grms. 
potassium  tartrate  and  ammonium  hydrate  to  faint  alkalinity. 

Make  up  to  200  c.c.  Boil,  and  just  before  titration  add 
two  or  three  drops  of  strong  ammonia,  and  titrate  hot  with 
potassium  ferrocyanide,  using  glacial  acetic  acid  as  outside 
indicator,  taking  the  first  blue  colour  as  the  end  of  the  reaction. 

Note. — The  same  ferrocyanide  solution  gives  two  different 
zinc  values  according  as  the  titration  is  in  acid  or  in  alkaline 
solution,  owing  to  there  being  different  proportions  of  potassium 
in  the  precipitate  in  the  two  cases. 

Lead. 

Lead  occurs  most  commonly  as  sulphide,  but  is  also  found 
in  the  oxidised  state  as  sulphate,  carbonate,  etc.,  and  is  usually 
estimated  by  a  wet  process,  as  the  dry  or  fusion  processes  are 
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not  so  accurate,  though  useful  where  facilities  for  the  wet 
method  are  not  available. 

Dry  Methods. — The  ore  is  finely  ground  and  thoroughly 
mixed.  The  necessary  weight  of  ore  is  taken  and  well  mixed 
with  the  fluxes,  and  placed  in  a  clay  crucible  of  suitable  si^e. 
The  fusion  should  be  kf])t  at  a  low  temperature  for  the  first 
ten  minutes,  ami  then  the  temperature  raised,  but  only  suffi- 
ciently to  obtain  a  quiet  fusion.  Too  high  a  temperature  causes 
serious  loss  by  volatilisation.  When  cool  knock  off  slag  and 
clean  the  button  of  lead,  which  should  be  soft. 

The  following  are  suitable  mixtures : — 
Pyromorphite     50  grams.  Galena  (or  sul- 

phate      or 
carbonate) 
Sod.  Carb.   . 

Borax 

Argol 

Cover      with 
sod.     carb. 
Add  a  piece  of  hoop-iron. 

Pyromorphite  is  phosphate    of    lead  together  with    a    little 

chloride  of  lead.  The  slag  containing  phosphate  of  soda  is 
very  pasty,  hence  the  addition  of  fluorspar  to  overcome  this 
difficulty  and   ensure  a  liquid  slag. 

Before   removing   the   crucible    from  the   fire   take   out   the 

iron  and  wash  in  the  molten  slag  to  remove  any  adhering 
particles  of  lead. 

Wet  Method. — The  most  common  method  used  for  estimat- 
ing lead  in  the  wet  way  is  the  ammonium  molybdate  method. 
The   following  equation   expresses   the   reaction  : — 

Am^MoO,  +  Pb(C,H30o),  =  PbMoO^  +  2AmC2H30,, 

and  the  end-point  is  determined  by  an  outside  indicator. 

-A  solution  of  tannin,  as  drops  on  a  spot  plate  to  which  a 
drop  of  the  assay  solution  is  added,  shows  a  yellow  colour  on 
completion  of   reaction. 

Requirements. —  i.  Pure  lead  sulphate.  Take  about  y'2  gram 
of  any  soluble  lead  salt,  e.g.,  lead  acetate,  and  dissolve  in  water. 
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Add  dilute  sulphuric  acid  till  all  lead  is  thrown  down  as  sulphate. 
Allow  the  precipitate  to  settle,  decant  off  most  of  the  liquid,  and 
pour  the  precipitate  on  to  a  Swedish  filter  paper.  Wash  with 
water  to  remove  all  acid,  and  finally  with  alcohol.  Dry 
thoroughly  in  a  water  oven  and  heat  to  lowest  redness. 

Weigh  accurately  0.3  grm.  of  this  lead  sulphate,  and  dis- 
solve in  hot  ammonium  acetate.  Acidify  with  acetic  acid,  make 
up  to  250  c.c,  and  securely  stopper  the  flask.  If  pure  lead  is 
obtainable,  the  standard  may  be  preferably  made  from  it,  using 
0.205  grm. 

2.  Ammonium  molybdate.  N/io  solution  is  used,  of  which 
I  c.c.  =  .01035  grm.  Pb. 

Weigh  out  9.9  grms.  of  ammonium  molybdate  and  dissolve 
in  1,000  c.c.  of  distilled  water.  If  the  solution  is  not  clear, 
add  a  few  drops  of  ammonia. 

3.  Tannin.  This  solution  must  be  freshly  prepared.  Dis- 
solve about  0.1  grm.  in  30  c.c.  of  distilled  water. 

4.  Spot  plate. 

Standardising. — Take  aliquot  parts  of  the  standard  lead 
solution,  e.g.,  50  c.c,  heat  each  in  turn  to  boiling,  and  titrate  with 
the  molybdate  solution,  stirring  with  a  glass  rod.  After  each 
addition  of  molybdate  a  drop  of  the  mixture  is  let  fall  into  a 
drop  of  the  indicator  on  the  spot  plate,  and  the  end  of  the 
reaction  is  indicated  by  a  yellow  colour.  Supposing  the  total 
250  c.c.  of  lead  solution  required  19.5  c.c.  of  the  molybdate 
solution,  then  0.3  grm.  of  PbSO^  or  ,205  grm.  of  Pb  requires  19.5 
c.c.  molybdate. 

Then  19.5  c.c.  molybdate  =  .205  grm.  Pb. 
Therefore  each  c.c.  =  .0105  grm.  Pb. 

Assay  of  Lead  Ore. — Pulverise  the  sample  finely.  Weigh 
accurately  i  grm.,  and  place  in  a  casserole  or  porcelain  dish, 
and  add  15  c.c.  of  strong  nitric  acid;  cover  with  a  clock  glass, 
and  heat  on  a  sand-bath  till  sulphur  is  oxidised,  if  the  ore  is  a 
sulphide.  Then  add  10  c.c.  of  strong  sulphuric  acid  and 
evaporate  to  fume  (SO3).  Cool  and  dilute  with  cold  water 
(about  100  c.c).  Boil  to  dissolve  soluble  salts.  Filter  through 
a  Swedish  filter  paper,  and  wash  with  a  hot  solution  of  i  per 
cent,  sulphuric  acid,  and  finally  with  alcohol.     Dissolve  the  lead 
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sulphate  left  in  tiie  dish  in  a  stronjj  lu)t  solution  of  ammonium 
acetate,  and  also  wash  the  precipitate  on  the  filter  into  the  dish. 
Make  acid  with  acetic  acid,  and  make  this  solution  up  to  250  c.c. 
Heat  to  hoiling.  and  titrate  100  c.c.  with  the  standardised  solution 
of  molybdate,  using  the  tannin  indicator  as  in  standardising. 

Example. — Assay   solution    (from    i   grm.  ore)    req.  20  c.c. 
molybdate  =  0.210  grm.  Ph. 

Percentage  value  of  ore  =0.21  X  2.5  X  100  =  52.5  per  cent. 
Pb. 

Gravimetric  Method. — Treat  i  grm.  of  ore  with  10  c.c. 
dilute  HCl  (1:3)  and  a  piece  of  zinc  (lead-free);  heat 
till  all  ore  has  been  attacked  and  the  lead  deposited  as  a 
sponge  on  the  zinc.  Wash  by  decantation,  dissolve  in  dil. 
HXO3  and  filter  off  gangue.  Filtrate  is  evaporated  with 
H2SO4.  to  white  fumes.  Take  up  with  water,  filter,  and 
wash  with  alcohol,  using  a  tared  Gooch  crucible.  Dry  in  steam 
oven,  and  heat  over  flame,  but  below  red  heat. 

207 
PbSO,  X  —  =  Pb. 
303 

Copper. 

Volumetric  Method  by  Potassium  Cyanide. — This  assay 
depends  on  the  facts  (i)  that  Avhen  ammonia  is  added  in  excess 
to  a  solution  containing  cupric  salts,  ammoniacal  compounds  of 
copper  are  formed,  giving  the  solution  a  deep  blue  colour ;  and 
(2)  that  when  a  sufficient  amount  of  potassium  cyanide  is  added 
to  this  blue  solution  the  colour  is  removed  by  the  formation  of 
colourless  double  cyanides  of  potassium  or  ammonium  and 
cuprous  copper.  The  chemical  reaction  is  expressed  by  the 
following  equation : — 

2CuSO,  +  sKCy  +  H.O  +  2NH3  =  2KCuCy,  +  K,SO, 
-f  Am.SO,  +  KCNO.* 

But  experiment   requires   6    KCy,   involving  the    formation    of 
KgCUjCys. 

*  These  two  latter  probably  react  to  KaSO*  and  urea. 
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The  assay  by  cyanide  is  only  accurate  if  the  following 
conditions  are  strictly  observed : 

1.  Standardising  of  solution  and  titration  of  ore  must  be 
done  under  exactly  similar  conditions. 

2.  Temperature :  Always  cool  the  assay  before  titration. 

3.  Ammonium  salts  must  be  reduced  to  a  minimum,  and  this 
is  obtained  by  evaporating  till  all  fumes  of  acid  cease,  so  that 
a  minimum  amount  of  ammonia  is  required  to  produce  the 
blue  colour. 

4.  The  bulk  of  solution  for  titration  must  not  be  too  large. 

Requirements. — i.  Pure  copper  wire  or  foil. 

2.  Potassium  cyanide.  Weigh  21.6  grms.  of  pure  potassium 
cyanide  and  dissolve  in  1,000  c.c.  of  distilled  water.  Stopper 
well  and  keep  in  a  dark  cupboard. 

3.  Nitro-sulphuric  acid  (3  parts  of  HNO3.  3  parts  of  HoO, 
4  parts  of  H2SO4). 

4.  Sodium  thiosulphate  —  saturated  solution. 

Standardising. — Take  0.2  grm.  of  pure  copper  and  place  in  a 
glass  beaker,  and  add  the  least  possible  quantity  of  nitric  acid  to 
dissolve  the  copper.  Then  add  a  few  drops  of  sulphuric 
acid  and  evaporate  to  appearance  of  SO3  fumes.  Cool  and  dis- 
solve in  hot  water.  Cool  and  add  just  sufificient  ammonia  to 
give  a  clear  blue  solution,  dilute  to  about  200  c.c.  with  cold  water. 
Titrate  with  cyanide  solution  till  blue  colour  disappears. 

Example. — 0.2  grm.  Cu  requires  31.5  c.c.  KCN. 
I        „       =.00635  gi""!.   Cu. 

Assay  of  Copper  Ore. — The  sample  is  finely  powdered,  and 
I  grm.  is  accurately  weighed  and  placed  in  a  casserole  or  porce- 
lain dish;  10  c.c.  of  nitro-sulphuric  acid  are  added,  and  the  dish 
is  covered  with  a  clock  glass  and  heated  on  a  sand-bath,  and 
boiled  till  fumes  of  SO3  appear. 

Cool  and  add  warm  water,  heat  to  dissolve  all  copper  sul- 
phate.    Filter  and  wash  with  hot  water. 

To  the  filtrate  add  a  little  sulphuric  acid  and  10  c.c.  of 
sodium  thiosulphate ;  allow  to  stand  a  few  minutes.  If  no  pre- 
cipitate is  formed,  add  10  c.c.  more  of  sodium  thiosulphate,  and 
allow  to  stand  on  a  water-bath.     When  precipitate  has   settled 
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out.  filter  and  wash  well  with  hot  water.  Dry  the  precipitate  on 
the  filter,  and  place  filter  and  prccii)itate  in  a  porcelain  crucible 
and  ignite.*  When  cool,  transfer  to  a  beaker,  and  dissolve  in  a 
few  drops  of  nitric  acid,  and  add  a  few  drops  of  sulphuric 
acid.  Evaporate  till  fumes  of  SO.,  appear.  Cool  and  dissolve 
in  water.  Cool  and  add  just  sufficient  ammonia  to  give  a  clear 
blue  solution,  dilute  to  about  200  c.c.  with  cold  water,  and 
titrate  with  the  standardised  pot.  cyanide. 

Example. —  i    grm.     ore    taken.       35.7     c.c.     cyanide     used 
=35.7  X  .00635  =  -226. 

■=22.6  per  cent,  copper. 

B.  Iodide  Method. — This  method  depends  on  the  reaction 
that  occurs  when  an  excess  of  potassium  iodide  is  added  to  a 
solution  of  cupric  salt  in  a  slightly  acid  (acetic)  solution 
(cuprous  iodide  being  formed  and  an  equivalent  of  iodine  set 
free).  This  free  iodine  is  dissolved  in  the  excess  of  potassium 
iodide,  the  liberated  iodine  being  in  exact  proportion  to  the 
copper  present.  The  free  iodine  (and  at  the  same  time,  there- 
fore, indirectly  the  copper)  is  determined  by  titrating  with  sodium 
thiosulphate,  using  starch  as  an  indicator,  the  end  of  the  re- 
action being  indicated  by  the  disappearance  of  the  blue  colour. 

The  chemical  reaction  is  expressed  by  the  following 
equations : 

CuSO,  -f  2KI  =  Cul  +  I  +  K2SO,. 
2Na2S,03  -h  L  =  2NaI  +  Na^S^Og. 

Requirements. — i.  Pure  copper  wire  or  foil. 

2.  Sodium  thiosulphate.  Weigh  24.8  grms.  of  pure  crystals 
and  dissolve  in  1,000  c.c.  of  distilled  water.  If  well  stoppered, 
will  keep  for  about  one  month. 

3.  Starch  liquor.  Boil  about  y,  grm.  of  starch  in  a  little 
water  and  dilute  to  250  c.c.  Use  cold,  and  prepare  fresh  fre- 
quently, as  it  is  useless  when  mouldy. 

Standardising. — Weigh  accurately  0.2  grm.  pure  copper,  and 
put  in  a  250  c.c.  flask  with  4  c.c.  nitric  acid ;  when  dis- 
solved evaporate  down  to  i  or  2  c.c.  Avoid  overheating.  Now 
add  5  c.c.  of  water  to  dis.solve  nitrate  of  copper,  and  then  some 
excess   of   strong  ammonia.      See   that  the   solution   is   strongly 

•  This  step  may  be  omitted  if  the  amount  is  small. 
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alkaline,  and  boil  for  about  a  minute.  Remove  from  heat  and  add 
6  c.c.  of  glacial  acetic  acid,  and  then  40  c.c.  of  cold  water.  Then 
add  to  the  cool  solution  3  grms.  of  potassium  iodide,  and  shake 
gently  till  dissolved.  Free  iodine  is  liberated,  and  colours  the 
mixture  brown.  Titrate  at  once  with  the  thiosulphate  solution 
until  the  brown  colour  has  become  weak,  then  add  sufficient 
starch  liquor  to  produce  a  marked  blue  coloration.  Now  con- 
tinue titration  cautiously  until  the  blue  colour  vanishes-.  Stop  at 
the  first  decided  change,  and  the  colour  will  usually  entirely  dis- 
appear after  standing  a  mom^ent. 

Example. — 0.2  grm.  Cu  requires  20.5  c.c.  NagSaOg. 
I  c.c.  thiosulphate  =  .0098  grm.  C«. 

Treatment  of  the  Ore. — Proceed  as  in  cyanide  method,  only 
dissolve  the  precipitate  of  copper  sulphide  in  a  few  c.c.  of  nitric 
acid,  pouring  the  acid  on  to  the  filter  paper  to  dissolve  out  all 
the  copper,  and  wash  thoroughly  with  hot  water,  keeping  the 
bulk  of  solution  small.  As  soon  as  the  copper  is  in  solution  add 
.5  grm.  of  potassium  chlorate  to  oxidise  any  arsenic  present  to 
arsenic  acid.  This  is  important.  Continue  boiling  till 
about  2  c.c.  remain,  avoiding  overheating.  Proceed  with  the 
residue  precisely  as  with  the  residue  of  copper  nitrate  in  the 
standardisation  of  the  thiosulphate,  finally  calculating  the  per- 
centage of  copper  present  from  the  amount  of  standardised 
thiosulphate  required. 

Example. —  i  grm.  of  ore  taken.         31.7  c.c.  NaaSoOg  used. 
=    .311   grms.  Cu. 
=  31.1  per  cent. 

Three  grms.  of  potassium  iodide  are  sufficient  with  ore 
under  50  per  cent.  Cu  ;  if  over,  take  5  grms.  of  potassium  iodide. 

N.B. — Lead  and  bismuth  form  coloured  iodides,  and  if 
present  in  any  quantity,  mask  the  end-point  before  adding  the 
starch.  In  such  case  add  the  starch  earlier.  The  return  of  the 
blue  tinge  on  long  standing  is  of  no  consequence. 

Silver. 

Silver  is  usually  present  in  all  ores  containing  gold,  and  will 
be  recovered  with  the  gold  in  the  methods  used  for  the  assaying 
of  gold-bearing  ores  or  by-products. 
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Accordingly  this  section  is  devoted  to  the  assaying  of  more 
comphcated  ores  containing  silver. 

When  silver  is  sought  for  in  cupriferous  ores,  it  is  necessary 
to  get  rid  of  the  copper,  and  this  may  be  done  either  by  dis- 
solving out  the  copper  with  a  suitable  acid,  and  then  fusing 
the  residue  with  the  necessary  fluxes,  as  in  a  gold  assay,  and 
cupelling  the  lead  button,  or  the  ore  may  be  treated  by  what  is 
known  as  the  scorification  method  of  assaying,  described  on 
page  58. 

1.  Sulphuric  Acid  Method. — Weigh  accurately  i  A.T.  of 
the  finely  powdered  sample  and  place  in  a  porcelain  dish.  Add 
about  50  c.c.  of  strong  sulphuric  acid  and  cover  with  an  inverted 
glass  funnel.  This  will  prevent  loss  from  spitting,  and  allow 
the  fumes  to  escape.  Heat  strongly  for  about  two  hours.  Cool, 
dilute  and  add  a  little  hydrochloric  acid  to  precipitate  silver, 
and  then  about  20  c.c.  of  a  solution  of  lead  nitrate,  and  stir  well 
after  each  addition.  The  precipitate  settles  and  clears  the  solu- 
tion, which  is  easily  filtered.  The  residue  and  filter  paper  are 
fluxed  and  assayed  as  described  under  gold  assaying. 

2.  Nitric  Acid  Method. — Weigh  out  i  A.T.  of  finely- 
powdered  sample  and  place  in  a  beaker.  Add  about  200  c.c. 
of  nitric  acid  (10  per  cent,  strength).  Cover  with  a  clock  glass 
and  boil  for  one  hour.  Cool  and  add  hydrochloric  acid  to  pre- 
cipitate the  silver,  and  then  lead  nitrate  solution,  as  in  the 
sulphuric  acid  method.     Filter  and  finish  as  above. 

3.  Scorification  for  Sulphide  Ores  and  those  containing 
Arsenic. — Mix  0.5  A.T.  of  the  finely-powdered  sample  with  3 
A.T.  of  granulated  lead  anrl  put  in  a  scorifier.  Cover  with  fused 
borax  and  place  the  scorifier  at  the  mouth  of  the  muffle  so  as  to 
gradually  warm  it,  and  thereby  avoid  spitting.  Raise  the  tem- 
perature by  gradually  moving  the  scorifier  into  the  hotter  part 
of  the  mufifle  till  scorification  commences.  When  the  molten 
lead  is  completely  covered  with  the  slag,  pour,  cool  and  crack  off 
slag.  Replace  the  lead  button  in  the  hot  scorifier,  and  repeat 
the  operation  till  the  lead  button  is  a  suitable  size  for  cupellation, 
and  then  cupel.      (See  also  page  58.) 

Save  all  slag  and  fuse  together  with  the  cupel  with  a  flux 
of  soda,  argol  and  fluorspar,  as  a  certain  amount  of  silver  is 
absorbed  in  the  slag  and  cupel.  Clean  and  cupel  the  button  and 
add  to  the  first. 
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Silver  Bullion. 

The  silver  prills  obtained  in  dry  methods  may  not  be  pure, 
and  the  following  method  will  accurately  determine  the  amount 
of  pure  silver.  Volhard's  thiocyanatc  method  depends  on  the 
precipitation  of  the  silver  as  thiocyanate  from  a  nitric  acid  solu- 
tion, the  moment  when  the  precipitant  begins  to  be  present  in 
excess  being  ascertained  by  the  thiocyanate  of  iron  reaction, 
indicated  by  a  permanent  light  brown  tint,  as  pale  as  possible. 
The  colour  is  best  seen  by  holding  the  flask  so  as  to  catch  the 
reflected  light  of  a  white  wall  or  white  piece  of  paper. 

The  reaction  is  expressed  by  the  following  equation : 

AgNOg  -f  NH.CNS  =  AgCNS  -f  NH^NOg. 

Requirements. — i.  Decinormal  Ammonium  or  Potassium 
Thiocyanate. — These  salts,  being  deliquescent,,  can  only  be 
roughly  weighed,  so  take  8  grms.  of  the  ammonium  or  lo  grms. 
of  the  potassium  salt  and  dissolve  in  i,ooo  c.c.  of  distilled  water. 
If  well  stoppered  the  solution  will  retain  its  strength  for  a  long 
period. 

2.  Decinormal  Silver  Solution. — Accurately  weigh  lo.S 
grms.  of  pure  silver  and  place  in  a  flask.  Add  sufficient  pure 
dilute  nitric  acid,  and  place  a  small  funnel  in  the  neck  of  the 
flask  to  prevent  loss  from  spirting.  Warm  gently.  When  solu- 
tion is  complete  wash  the  funnel  inside  and  out  with  distilled 
water  into  the  flask,  and  dilute  to  i,ooo  c.c. 

3.  Ferric  Indicator. — A  saturated  solution  of  iron  alum  is 
used. 

4.  Pure  Nitric  Acid. — This  must  be  free  from  the  lower 
oxides  of  nitrogen.  This  is  secured  by  diluting  the  usual  pure 
acid  with  about  a  fourth  part  of  water  and  boiling  till  perfectly 
colourless.     It  is  kept  in  a  dark  cupboard. 

Standardising. — 50  c.c.  of  the  standard  silver  solution  are 
placed  in  a  flask  and  diluted  with  water.  Then  add  5  c.c.  of 
ferric  indicator  and  5  c.c.  of  nitric  acid.  If  the  indicator  should 
cause  a  yellow  colour  the  nitric  acid  will  remove  it ;  if  necessary, 
add  more  nitric  acid.  Titrate  with  the  thiocyanate  solution. 
At  first  a  white  precipitate  of  silver  thiocyanate  is  produced, 
rendering  the  solution  milky  in  appearance.     As  each  drop  of 
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thiocyanatc  is  added  a  rt-d-hrown  colour  forms,  which  quickly 
disappears,  and  towards  the  end  of  titration  the  precipitate 
becomes  fiocculent  and  settles  easily.  Finally  a  drop  or  two  of 
the  thiocyanate  produces  a  faint  brown  colour,  which  no  longer 
disappear?  on  shaking,  denoting  the  end  of  the  reaction. 

Example. — 50  c.c.  (.54  grm.  Ag)  requires  49.7  c.c.  thio- 
cyanate. 

0.54 
I  c.c.  NH^CNS  = =  0.1085  grm.  Ag. 

49-7 

Silver  Alloys. — The  method  adopted  is  the  same  as  de- 
scribed for  standardising  the  thiocyanate. 

If  the  copper  exceeds  50  per  cent,  of  the  alloy  approxi- 
mately the  same  amount  of  copper  should  be  added  to  the  pure 
silver  used  for  standardising  the  thiocyanate,  as  nitrate  of  copper 
tends  to  mask  the  end  reaction. 

Antimony,  arsenic,  iron,  zinc,  manganese,  lead,  cadmium  and 
bismuth  do  not  interfere,  but  the  presence  of  cobalt  and  nickel 
interfere  with  the  end  reaction  by  formation  of  intensely  coloured 
thiocyanates.  This  may  be  overcome  by  titrating  back  with  the 
standard  silver  solution,  when  the  end-point  is  easily  observed, 
as  the  pure  colour  of  the  nickel  or  cobalt  compound  appears 
suddenly. 

Precautions. — i.  The  thiocyanate  must  be  free  from 
chlorine,  and  consequently  the  ammonium  salt  is  preferable  fo 
the  potassium. 

2.  Nitrous  acid  must  not  be  present. 

3.  Titration  must  take  place  in  the  cold;  if  warm,  the  nitric 
acid  decomposes  the  thiocyanic  acid,  and  the  colour  of  the  ferric 
thiocyanate  is  destroyed. 

4.  Solution  of  iron  alum  must  always  be  used  in  excess. 
and  in  approximately  the  same  proportion  to  the  total  amount 
of  the  liquid. 

5.  The  amount  of  nitric  acid  present  makes  no  difference. 

6.  Mercury  interferes,  and  must  be  first  expelled  from  the 
alloy  by  heating;  adding  ammonium  acetate  to  the  solution  is 
another  method  of  nullifying  its  effect. 

7.  Palladium  is  counted  as  silver  in  the  titration. 
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Tin. 

General. — Modifications  of  the  Pearce-Low  method  are  the 
most  reliable  and  accurate. 

The  tin  is  obtained  in  solution  as  stannic  chloride  by  fusing 
the  ore  with  sodium  peroxide,  dissolving  the  melt  in  water,  and 
acidifying  with  HCl.  The  stannic  chloride  is  then  reduced  to 
stannous  chloride,  which  is  then  quantitatively  re-oxidised  by 
standard  iodine. 

From  the  equation — 

SnCl,  +  I,  +  2HCI  =  SnCl,  +  2HI. 

I  c.c.  of  N/io  iodine  =  0.00595  grammes  tin. 

Details. — For  concentrates  take  0.5  gramme,  for  ores  take  i 
gramme,  and  for  tailings  take  2  grammes. 

Mix  with  seven  or  eight  times  as  much  fresh  sodium 
peroxide  in  a  spun  iron  crucible  and  fuse  over  the  Bunsen  flame, 
finishing  with  a  few  seconds  on  the  blowpipe  flame.  Cool  some- 
what— to  about  100  deg.  (The  melt  will  be  more  easily  extracted 
if  it  is  not  allowed  to  grow  quite  cold.)  Then  lay  the  crucible  on 
its  side  in  a  large  evaporating  dish  containing  about  one-third  its 
capacity  of  distilled  water.  If  the  fusion  has  been  properly 
carried  out,  the  mass  will  all  go  easily  into  solution.  The  con- 
tents of  the  dish  are  then  transferred  to  a  600  c.c.  conical  flask, 
the  dish  and  crucible  being  thoroughly  washed  out  with  distilled 
water.  Neutralise  with  concentrated  HCl,  then  add  30-40  c.c. 
in  excess.  Suspend  a  roll  of  nickel  foil  in  the  liquid  by  means 
of  a  silver  wire,  and  boil  till  all  the  tin  is  reduced  to  the  stannous 
state.  It  is  impossible  to  give  any  rule  as  to  the  time  required 
for  reduction ;  it  depends  on  the  surface  of  nickel  exposed,  the 
strength  of  acid,  and  the  amount  of  tin  to  be  reduced.  A  fairly 
safe  rule  for  concentrates  is  to  boil  for  ly^  hours  after  the 
solution  has  turned  green,  and  for  ore  samples  one  hour.  A  high 
acidity  is  necessary.  When  reduction  is  considered  complete,  the 
flask  is  removed  from  the  hot  plate  and  a  few  small  pieces  of 
marble  dropped  in.  Cool  rapidly  under  the  tap,  and  titrate  with 
N/io  iodine,  using  starch  indicator.  The  marble  is  added  so 
that  cooling  may  take  place  in  a  neutral  atmosphere,  but  too  much 
marble  should  not  be  added,  otherwise  CO2  is  given  off  during 
titration  and  a  less  sharp  point  is  obtained. 
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\^olcs. — According  to  Wraiglit  and  Tithcrlaiid  ( Trans. 
Itist.  M.M.,  February,  1914),  bismuth,  tungsten  and  titanium 
interfere  seriously  with  the  accuracy  of  this  assay.  The 
presence  of  tungsten  is  indicated  by  the  blue  colour  produced 
in  the  solution  during  reduction.  W'raight  and  Tithcrland 
recommend  the  following  method  for  removal  of  these  inter- 
fering substances : 

Tungsten. — The  blue  tungsten  precipitate  may  be  filtered  oft 
after  reduction,  and  the  filtrate  reduced  again  for  a  few  minutes 
before  titration. 

Titanium. — A  preliminary  fusion  with  potassium  hydrogen 
sulphate  is  recommended.  On  treating  the  melt  with  consider- 
able quantitites  of  water  the  titanium  sulphate  is  dissolved, 
while  the  tin  remains  as  oxide.  Some  loss  of  tin  is,  however, 
likely  to  occur. 

Bis  >n  It  til. — This  is  precipitated  as  metal  during  reduction, 
and  can  generally  be  removed  by  filtration  before  titration. 
Oxidation  of  some  of  the  tin  will,  however,  occur  during 
the  exposure. 

Iron. 

Ores  Sohihle  in  Concentrated  HCl. — Digest  ^  gramme  of 
finely  powdered  ore  with  10  c.c.  of  concentrated  HCl  until  the 
residue  is  colourless,  using  a  temperature  just  short  of  boiling. 
Treat  this  directly  without  filtering  with  strong  10  per  cent, 
stannous  chloride  solution  from  a  burette  until  the  yellow  colour 
becomes  quite  faint.  Thereon  add  some  concentrated  HCl  and 
a  weaker  stannous  chloride  solution  (2  per  cent.)  drop  by  drop 
until  the  yellow^  colour  quite  disappears.  Add  5  c.c.  of  saturated 
solution  of  mercuric  chloride  to  remove  the  excess  of  stannous 
chloride,  cool,  and  dilute  with  boiled  air-free  water,  and  titrate 
at  once  with  decinormal  bichromate  solution  (M/60  KaCrgO^). 
The  solution  is  colourless  at  first,  although  turbid  from  the 
gangue  and  the  precipitated  HgCl.  During  the  titration  it 
becomes  pale-green.  The  end-point  is  ascertained  by  removing 
drops  and  adding  them  to  a  very  dilute  solution  of  potassium 
ferricyanide  spotted  on  a  spot-plate  as  in  the  zinc  assay.  The 
ferricyanide  solution  must  be  made  from  a  fresh  crystal  of  the 
solid  previously  washed  superficially  to  remove  impurities.       At 
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the  beginning  of  the  titration  the  drops  cause  a  blue  colour  on 
the  spot  plate,  which  become  green  as  the  amount  of  unoxidised 
ferrous  iron  diminishes  during  the  titration,  and  finally  practically 
colourless  as  the  end-point  is  passed. 

I  c.c.  N/io  bichromate  =  0.0056  grm.  Fe  = 
0.0080  grm.  Fe^Og. 

Ores  Insoluble  in  HCl. — Potassium  pyrosulphate  K^SoO^  is 
made  by  beating  potassium  bisulphate  in  a  platinum  crucible  until 
it  ceases  to  effervesce  vigorously.  This  is  cooled  and  Yz  grm.  of 
the  finely  powdered  ore  added.  The  mixture  is  melted  and 
heated  for  20  minutes  at  a  faint  red  heat,  and  finally  at  a  bright 
red  for  a  few  minutes,  SO3  fumes  being  given  off  freely.  The 
cooled  melt  is  dissolved  in  dilute  HCl ;  concentrated  HCl  is  then 
added,  and  the  assay  finished  with  stannous  chloride  as  above, 
after  ascertaining  that  there  is  no  dark-coloured  residue  of 
unattacked  iron  ore.  Titaniferous  iron  requires  preliminary 
*' agating." 

Vanadium. 

Detection. — Fuse  a  little  of  the  ore*  with  KHSO4  dissolve 
the  melt  in  water  and  add  hydrogen  peroxide,  when  a  red-brown 
colour  is  produced  if  vanadium  is  present.  Titanium,  however, 
produces  a  somewhat  similar  colour  (orange  instead  of  brown). 
If  this  metal  is  present  it  is  necessary  to  proceed  as  follows : — 

Fuse  2.5  grms.  in  an  iron  crucible  with  sodium  peroxide, 
dissolve  the  melt  in  zvater,  boil  to  remove  HgO,  and  filter,  wash- 
ing with  hot  water.  Add  ammonium  sulphide  to  the  filtrate, 
when  a  cherry-red  coloration  will  indicate  vanadium.  Render 
acid  with  i  :  5  H^SO^,  and  allow  to  stand  on  the  water-bath  for 
three  hours  to  precipitate  titanium.  Filter  off,  wash,  dissolve 
in  aqua  regia,  and  again  filter.  Evaporate  combined  filtrates 
to  low  bulk.  Vanadium  is  indicated  by  a  green  solution  which 
develops  the  characteristic  red-brown  with  H2O2. 

Estimation. — Proceed  as  above  to  the  extraction  of  the  melt 
with  hot  water  from  the  sodium  peroxide  fusion  and  subsequen:t 
filtration  and  washing.  Render  acid  with  HoSO^,  and  pass  SO, 
to  saturation.     Boil  and  filter  into  an  800  c.c.  beaker,  boil  off 

*  Caution  :    Do   not  use  a    platinum   crucible^   since   the   ore   usually 
contains  lead.        . 
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the  excess  of  SO,,  and  pass  HjS.  Warm  the  solution,  and  again 
pass  the  gas  until  no  more  precipitate  (arsenic)  is  formed. 
Filter,  wash  with  hot  water  containing  ILS.  The  filtrate  is  now- 
well  boiled  to  remove  HjS.  The  complete  removal  of  the  gas 
can  be  accelerated  by  passing  CO,  through  the  liquid.  The  hot 
solution  is  now  titrated  with  N/20  KMnO^  to  a  pink  tint,  i  c.c. 
of  the  permanganate  equals  .00456  VoO.,.  Where  vanadium 
occurs  in  small  quantities,  the  solution  obtained  from  the  qualita- 
tive test  can  be  colorimetrically  compared  with  a  standard 
vanadyl  sulphate  solution  (Xll^X'Og  in  sulphuric  acid)  against 
hydrogen  peroxide. 

Limestone  An.xlvsis. 

^iViVa  and  Insoluble. — Take  5  grms.  of  the  crushed  sample  and 
dissolve  in  hydrochloric  acid  (dilute)  and  bromine  water;  when 
action  is  over,  the  acid  solution  is  taken  to  dryness  and  baked 
in  an  air-oven  at  110°.  Dilute  and  filter  off  the  insoluble  and 
wash  well,  dry,  ignite  and  weigh  the  insoluble. 

Iron  Oxide  and  Alumina. — To  the  filtrate  add  a  few  grms. 
of  ammonium  chloride,  and  then  make  alkaline  with  ammonia ; 
boil  until  most  of  the  ammonia  has  been  boiled  off,  and  filter, 
wash  well  with  hot  water,  ignite  and  weigh  as  iron  oxide 
and  alumina. 

Lime. — The  filtrate  is  made  up  to  500  c.c.  Take  50  c.c.  of 
this  solution,  and  make  faintly  acid  with  acetic  acid,  and  heat  to 
boiling,  then  add  ammonium  oxalate,  and  continue  boiling  for 
about  five  minutes;  allow  to  stand  for  a  few  minutes  and  filter; 
wash  well  with  hot  water  until  absolutely  free  from  oxalic  acid. 

A  hole  is  made  in  the  filter,  and  the  bulk  of  the  precipitate 
is  washed  through  the  funnel  into  a  flask ;  the  filter  is  then  treated 
with  small  quantities  of  hot  dilute  sulphuric  acid,  and  again 
washed  into  the  flask.  When  the  precipitate  is  completely  dis- 
solved, the  solution  is  freely  diluted  with  water,  and  further 
acidified  with  sulphuric  acid,  warmed  to  at  least  6o°-70°  C.,  and 
the  standard  permanganate  cautiously  delivered  into  the  liquid 
with  constant  agitation  until  a  faint  permanganate  pink  tinge 
occurs. 

I  c.c.  of  N/10  KMnO^  =  0.005  grm.  calcium  carbonate 
(CaCO,). 
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Magnesia. — The  acetic  acid  filtrate  from  the  above  is  made 
just  acid  to  methylorange  with  hydrochloric  acid.  Add  solid 
ammonium  phosphate  and  stir  well;  when  all  the  phosphate  is 
dissolved  add  ammonia,  stirring  vigorously  all  the  time.  It  is 
necessary  to  add  a  very  large  excess  of  ammonia.  After  stirring 
well,  allow  to  stand  for  about  12  hours  before  filtering;  wash  the 
precipitate  with  ammonia  water  (dilute),  dry,  ignite  and  weigh. 

Mg2P20-   X  0.756  =  magnesium  carbonate    (MgCOa). 

Sulphates. — Take  100  c.c.  out  of  the  450  c.c.  of  solution 
left  (see  lime  above),  make  slightly  acid  with  hydrochloric  acid 
and  boil ;  when  boiling,  add  15  c.c.  of  10  per  cent,  barium  chloride 
solution  very  cautiously,  and  allow  to  boil  for  15  minutes,  and 
then  allovv'  to  stand  in  a  warm  place  for  about  an  hour.  Filter, 
wash  well  with  hot  water,  dry,  ignite,  and  weigh  as  barium 
sulphate. 

BaSO^    X    0.343   =   sulphuric   anhydride    (SO3). 

If  the  insoluble  in  acid  is  high,  it  will  be  necessary  to  fuse 
it  up  with  fusion  mixture  (sodium  and  potassium  carbonate), 
allow  to  cool,  extract  with  dilute  hydrochloric  acid,  and  evaporate 
to  dryness  and  bake ;  allow  to  cool  and  dissolve  in  dilute  hydro- 
chloric acid.  Filter  off  the  silica  and  carry  through  another 
analysis'  as  before  for  iron  oxide  plus  alumina,  etc. 

If  the  iron  oxide  plus  alumina  content  is  high,  it  will  be 
necessary  to  determine  each.  The  iron  oxide  and  alumina 
precipitate  obtained  after  igniting  and  weighing  is  dissolved 
in  strong  hydrochloric  acid,  to  which  is  added  a  few  c.c.  of 
strong  stannous  chloride  solution.  When  it  is  completely  dis- 
solved (this  operation  is  slow)  add  just  enough  bromine  water 
to  oxidise  the  iron  (yellow  colour),  and  then  very  cautiously  add 
a  very  dilute  stannous  chloride  solution;  this  must  be  added  to 
the  hot  solution  of  iron.  When  this  is  completely  decolourisedi 
dilute  with  cold  water  and  add  15  c.c.  of  10  per  cent,  mercuric 
chloride  solution,  and  after  standing  for  a  few  minutes,  titrate 
with  standard  potassium  dichromate  solution,  using  potassium 
ferricyanide  as  outside  indicator  on  the  spot  plate.  The  amount 
of  iron  oxide  found  subtracted  from  the  iron  oxide  and  alumina 
found  will  give  the  amount  of  alumina. 

I  c.c.  N/io  (M/60)  K^Cr^O,  =  0.008  Fep^. 
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CHAPTER   XII. 

IMPURITIES    IN    WORKING    CYANIDE    SOLUTIONS. 

This  chapter  is  intended  to  illustrate  the  relation  of  analytical 
work  to  the  chemical  control  of  operations  and  to  the  practice 
in  the  reduction  works.  The  formation  of  the  principal  impuri- 
ties is  described  ;  the  function  of  correctives  is  also  explained  in 
order  to  emphasise  the  importance  of  chemical  control. 

That  cyanide  solutions  in  works  practice  do  not  remain  pure 
in  a  chemical  sense  is  to  be  expected,  having  in  view  their  contact 
during  treatment  with  the  many  contaminants  found  in  a  gold  or 
silver  ore  amenable  to  cyanidation.  Impurities  cause  a  chemical 
cyanide  loss,  and  at  times  detrimentally  affect  the  extraction  of 
the  valuable  metals  sought.  It  is  fortunate  that  in  the  practical 
application  of  the  process  impurities  do  not  usually  accumulate  to 
a  prohibitive  degree ;  this  is  to  a  large  extent  due  to  dilution  of 
the  solutions  by  the  moisture  in  the  incoming  pulp  and  by  the 
discharge  of  solution  in  the  residue. 

Impurities  have  their  principal  source  in,  and  are  traceable 
to,  the  ore  constituents,  to  contamination  underground,  and  to 
secondary  reactions  in  the  treatment  at  the  surface.  On  the 
VVitwatersrand  the  oxidation  of  the  pyrite  content  of  the  banket 
reef  and  wall  rock  is  the  chief  source.  The  first  place  in  order 
of  importance  may,  therefore,  be  given  to  iron  and  sulphur  in 
their  many  combinations,  and  to  reactions  occurring  during 
exposure  in  stopes  through  contact  with  water  (containing  dis- 
solved oxygen)  so  freely  applied  in  the  course  of  dust  preventive 
measures.  Pyrite  and  marcasite  (FeS,)  and  pyrrhotite 
(Fe^Sg),  where  present,  are  converted  (but  to  a  relatively  small 
extent)  into  soluble  ferrous  sulphate  (FeS04),  ferric  sulphate 
Fe2(  504)3,  2ind  free  sulphuric  acid  (H2SO4),  while  colloidal 
sulphur  may  be  set  free.  These,  in  their  turn,  to  avoid  excessive 
corrosion  of  iron  and  steel  equipment  underground,  are  precipi- 
tated by  the  addition  of  neutralising  lime  as  hydrated  oxides  of 
iron,  both  in  the  ferric  (FejOs-HjO)  and  ferrous  (Fe(OH)2) 
state,  varying  according  to  the  degree  of  completeness  of  such 
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neutralisation  and  oxidation.  The  hydroxide  in  the  ferrous 
state  is  particularly  soluble  in  a  cyanide  solution.  When  these 
find  their  way  to  the  cyanide  treatment  plant,  either  with  the 
ore  or  through  the  medium  of  mine  make-up  water,  ferro- 
cyanide*  (Na^FeCyg)  and  thiocyanate  (NaCNS)  are  formed. 
The  tendency  to  form  acid  ferrous  salts  and  thus  to  destroy  the 
oxygen  necessary  for  gold  solution  is  also  latent  in  the  ore  under- 
going cyanide  treatment.  As  a  measure  of  protection  an  alkali, 
such  as  lime,  is  therefore  provided,  and  is  available  throughout, 
also  corrective  oxidising  treatment  is  applied. 

An  oxidation  product  of  the  sulphur,  sodium  thiosulphate 
(Na^S^Og)  plays  a  part.  It  is  often  present  in  the  first  effluent 
solution  from  sand  treatment,  and  its  general  efifect  is,  by  decom- 
position in  passing  through  the  zinc  precipitation  boxes,  to  form 
an  insulating  film,  of  sulphide  on  the  zinc  which  lowers  precipi- 
tating efficiency.  Complete  oxidation  of  this  compound  to  a 
sulphate  appears  difficult  to  attain  in  practice.  Sodium  sulpho- 
cyanide  (NaCNS)  is  present  in  practically  all  solutions  in 
relatively  small  quantities.  It  has  not  been  definitely  proved  to 
have  a  deleterious  efifect  on  gold  extraction. 

The  alkaline  sulphide,  sodium  sulphide  (Na^S),  resulting 
from  the  reaction  between  the  cyanide  and  ferrous  sulphide 
(FeS),  and  generally  supposed  to  have  a  retarding  effect  on  gold 
and  silver  dissolution,  is  not  often  observed  in  solution?  on  the 
Witwatersrand,  a  fact  which  is  due  undoubtedly  to  its  precipita- 
tion as  zinc  sulphide  (ZnS)  by  the  sodium  zincocyanide 
(Na2ZnCy4)  present  in  all  solutions  where  zinc  is  used  as  a  pre- 
cipitant, and  also  to  its  oxidation  to  thiosulphate.  In  silver 
extraction  its  incidence  is  more  pronounced,  as  the  silver  itself 
is  often  in  direct  combination  with  sulphide,  as  AgjS  in  the 
mineral  argentite,  pyrargyrite  (AggSbSg),  and  in  proustite 
(AggAsSg).  Lead  reagents,  such  as  lead  acetate,  lead  nitrate 
or  lead  oxide,  are  generally  used  as  a  safeguard,  acting  as  pre- 
cipitants  of  the  sulphide. 

Resulting  from  the  abrasion  and  fracture  of  steel  and  iron 
in  ore  crushing  and  grinding,  metallic  iron  is  found  in  all  mill 
pulps.  Oxidation  of  this  takes  place  to  a  certain  extent  through 
dissolved  oxygen  in  the  water  and  solutions  employed,  and    the 

*  The  presence  of  ferricyanide  is  not  proven. 
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aeration  of  the  sand  and  slime  incirlental  to  the  treatment  process. 
Any  ferrous  oxide  thus  formed  is  attacked  by  cyanide  solution 
and  is  a  cyanicide,  since  the  resulting  ferrocyanide  is  practically 
useless  as  a  gold  solvent. 

With  the  use  of  zinc  as  the  precious  metal  precipitant, 
various  reactions  between  this  and  cyanide  take  place,  the 
principal  compounds  being  zinc  hydrate  (Zn(OH)2),  sodium 
zincocyanide  (Na2ZnCy4),  and  sodium  zinc  ferrocyanides 
(NaoZnreCye  and  Na^ZngFegCy^s)-  Sodium  zincocyanide  is  a 
solvent  of  gold,  as  shown  by  Julian  and  Smart.  The  amount  of 
zinc  dissoh'ed  is  considerable,  but  its  retention  in  solution  is  not 
cumulative,  as  it  is  precipitated  by  reaction  with  the  sulphide 
constituents  of  the  ore  in  the  ordinary  course  of  treatment,  and 
by  the  ferrocyanide.  Sodium  cyanide  is  regenerated  in  the  same 
reaction,  the  cyanide  loss,  therefore,  being  much  less  than  would 
be  at  first  expected. 

Calcium  is  introduced  in  the  form  of  lime  (CaO)  for  the 
purpose  referred  to  previously,  viz.,  providing  a  neutralising 
agent.  Its  use  results  in  the  formation  of  calcium  carbonate 
(CaCOg)  and  of  calcium  sulphate  {CaS04).  On  the  Witwaters- 
rand  the  treated  mine-water  used  as  water  supply  probably 
introduces  the  greater  portion  of  the  CaSO^  content  of  the 
solutions.  With  favourable  temperature  or  saturation  conditions 
it  crystallizes  out  over  the  entire  plant,  including  the  interior 
of  pipes,  and  may  become  troublesome.  As  a  physical  obstacle, 
and  an  insulator  of  zinc,  it  may  be  considered  objectionable. 
The  use  of  sufficiently  clean  water  is  the  best  preventive.  Sodium 
carbonate  is  sometimes  used  to  remove  it  as  precipitated  calcium 
carbonate.  Magnesia  is  introduced  to  a  small  extent  from  under- 
ground sources,  and  finds  its  way  into  the  solutions  as  magnesium 
sulphate   (MgSO^)  and  magnesium  carbonate   (MgCOa). 

Gelatinous  silica  is  often  found  in  cyanide  solutions.  Its 
effect  in  practice  is  more  physical  than  chemical,  in  clog- 
ging filters  and  extractor  boxes.  Its  source  is  the  action 
of  acid  mine  waters  on  the  ore  constituents.  Silica  may  also 
be  introduced  in  the  form  of  calcium  silicate  as  an  impurity  in 
lime. 

Organic  matter  is  a  common  source  of  impurities  in  cyanide 
solutions,  its  reducing  effect  being  notorious.  It  is  usually 
regarded  as  having  its  origin  in  mine  timber,  sewage,  sacking, 
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etc.,  coming  from  undfrgrouiid  aiul  from  the  surfact-  in  the 
form  of  vegetable  matter  and  sewage  contamination  of  water 
used  in  milling.  In  the  self-decomposition  of  cyanide  solution, 
organic  compounds  such  as  formates  are  formed.  Prevention 
is  the  soundest  remedy.  Failing  this,  oxidation  by  means  of 
chlorine  oxidisers  has  proved  efticacious  where  these  can  be 
applied  directly  or  in  a  separate  circuit  before  cyanide  treat- 
ment. When  strong  oxidisers  are  used  on  cyanide  solutions  free, 
cyanide  will  be  lost  by  conversion  to  cyanate. 

With  the  banket  ore,  copper  is  not  an  important  factor, 
copper  minerals  being  rare.  A  small  amount  of  copper  from 
detonators  finds  its  way  into  solution.  Elsewhere,  in  cyaniding 
ores  containing  copper  minerals,  it  is  found  that  the  carbonate, 
oxide  and  sulphate  minerals  particularly  are  attacked  by  cyanide 
with  avidity,  causing  a  heavy  cyanide  consumption  by  the  forma- 
tion of  cuprosocyanide  (KCuCyo).  In  practice  this  is  mini- 
mised by  the  use  of  extremely  weak  solutions.  Providing  the 
copper  content  of  the  ore  is  not  excessive,  it  is  found 
that  copper  does  not  accumulate  in  the  solution,  as  it  is  con- 
stantly being  precipitated  by  the  zinc  in  the  extractor  boxes. 
It  may  also  be  precipitated  by  sodium  sulphide. 

Arsenic  is  found  in  a  few  of  the  solutions  derived  from 
banket  ore  treatment.  Its  source  is  a  sulphide  mineral  of 
arsenic.  This  objectionable  element  is  precipitated  on  the  zinc 
in  the  course  of  gold  precipitation.  Nickel  and  cobalt  are  also 
detected  in  minute  quantities.  Floured  mercury  from  the 
amalgamation  process  is  readily  dissolved  by  the  cyanide,  and 
is  also  deposited  with  the  gold  or  is  precipitated  by  alkaline 
sulphides  or  ferrous  sulphide.  Its  presence  is  therefore  con- 
sidered beneficial. 

In  regard  to  visual  signs  of  impurities,  it  may  be  observed 
that  ferrocyanide  colours  the  works-solutions  a  brownish  yellow 
tint  of  varying  intensity.  Other  impurities  are  usually  insufifi- 
cient  to  create  a  characteristic  colour. 

Testing  of  Working  Cyanide  Solutions. 

The  circulating  cyanide  solution  of  a  gold  mine  is  a  very 
complex  mixture,  containing  as  it  does  cyanide,  free  hydro- 
cyanic acid,  zincocyanide,  ferrocyanide,  sulphocyanide,  sulphate, 
thiosulphate,  and  occasionally  carbonate,  hydrate,  sulphide  and 
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cyanate.     The  gold  and  silver  cyanides  are  present  in  amount 
too  small  to  affect  an  analysis. 

Of  these,  it  is  necessary  to  distinguish  amongst  the  cyanogen 
compounds  those  in  which  the  cyanogen  is  "  bound  " — i.e.,  not 
titratable  with  silver  nitrate :  they  are  ferrocyanide,  sulpho- 
cyanide  and  cyanate. 

Determination    of   so-called   Total   Cyanide. 

As  will  be  seen  from  the  previous  paragraph,  it  is  not 
possible  to  determine  the  real  total  cyanide  of  a  solution ;  the 
technical  term  "  total  cyanide  "  means  the  cyanide,  free  hydro- 
cyanic acid,  and  zincocyanide,  all  added  together  and  calculated 
as  KCN.  The  analytical  process  consists  merely  in  adding  caustic 
soda  to  the  measured  volume  of  the  solution,  so  as  to  have  about 
y2  per  cent,  of  NaOH  present;  a  crystal  of  KI  is  added,  and 
titration  done  with  standard  AgNOg  to  permanent  slight 
opalescence  pervading  the  whole  liquid. 

170  parts  by  weight  of  AgNOg  corresponds  to  130  parts 
of  KCN. 

The  equation  for  the  chemical  reaction  before  the  turbidity 

AgNOa  +  2KCy  =  KAgCyo  +  KNO3. 
(soluble) 
The  formation  of  the  turbidity  is  due  to  the  equation : 
AgNOg  +  KI  =  Agl  +  KNO3. 

Silver  iodide  is  soluble  in  KCy,  but  insoluble  in  KAgCyo, 
and  therefore  makes  its  appearance  as  soon  as  all  KCy  has  been 
used  up.  The  use  of  the  caustic  soda  is,  of  course,  to  convert 
hydrocyanic  acid  and  zinc  cyanide  into  sodium  cyanide,  and  thus 
enable  it  to  be  titrated ;  but  caustic  soda  cannot  extract  cyanide 
from  ferrocyanide,  sulphocyanide  or  cyanate.  If  the  silver 
nitrate  solution  used  is  N/io  (17  grams  per  litre),  i  Htre  of 
it  =  13  grams  of  KCN,  or  i  c.c.  =  0.013  gram  KCN. 

It  is  usual  to  titrate  130  c.c.  of  the  cyanide  solution,  in 
which  case  i  c.c.  N/io  silver  solution  ^  o.oi  per  cent.  KCN 
in  the  cyanide  solution.  Similarly,  if  65  c.c.  cyanide  solution  are 
taken  for  titration,  each  c.c.  of  N/io  silver  solution  =  0.02 
per  cent.  KCN.  Alternatively,  a  standard  solution  of  AgNOg 
of  N/13  strength  (13.08  grams  per  litre)  can  be  used,  in  which 
case  I  c.c.  equals  o.oi  gram  KCN,  or  o.oi  per  cent,  on 
100  c.c.  of  cyanide  solution. 
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Determination  of  "  Free  Cyanide." 

The  conception  of  "  free  cyanide  "  arises  out  of  the  prac- 
tical fact  that  of  the  three  components  of  "  total  cyanide,"  only 
one,  viz.,  cyanide,  is  capable  of  dissolving  gold.  There  is,  how- 
ever, the  disturbing  eft'ect  on  the  titration  of  the  presence  of 
zinc  in  the  solution,  and  the  fact  that  gold  is  distinctly  dis- 
solved by  pure  KoZnCy^  solution  (owing  to  partial  dissociation 
into  zinc  cyanide  and  free  cyanide),  although  it  is  not  dissolved 
by  K.VgCy,  solution.  Consequently  in  the  estimation  of  "  free 
cyanide  "  it  is  necessary  to  use  a  process  which  shall  not  include 
free  HCN,  but  shall  include  a  part  of  the  cyanide  present  as 
KjZnCy^.  It  is  probable  that  the  cyanide  present  as  ZnCy2  is 
not  "  free,'"*  although  H.  A.  White's  experiments  shew  that  the 
rate  of  solution  of  gold  in  very  dilute  cyanide  is  scarcely  affected 
by  the  addition  of  zinc  salts. 

The  process  consists  in  repeating  the  "  total  cyanide  "  titra- 
tion without  any  caustic  soda ;  this  eliminates  the  free  hydro- 
cyanic acid  if  present,  which  is  not  included  in  the  titration.  The 
extent  to  which  KjZnCy^  is  included  in  the  titration  depends  on 
whether  KI  is  added  or  not.  If  KI  is  omitted,  the  first  per- 
manent turbidity  is  not  due  to  a  silver  compound  as  in  "  total 
cyanide,"  but  is  usually  due  to  zinc  ferrocyanide,  a  salt  which 
is  soluble  in  cyanide  but  insoluble  in  KAgCy,.  This  turbidity  is 
bluish  and  rather  gelatinous,  quite  diflferent  in  appearance  from 
Agl.  If  KI  is  added,  the  titration  usually  gives  a  smaller  result, 
because  Agl  comes  out  before  ZugFeCye,  as  it  is  less  soluble, 
but  the  turbidity  usually  contains  both  Agl  and  Zn,FeCy6. 

In  actual  assaying  practice  "  free  cyanide  "  is  done  before 
■*  total  cyanide,"  because  both  can  be  done  on  the  same  solution 
if  caustic  soda  is  added  after  the  "  free  cyanide  "  has  been 
determined;  if,  however,  nearly  all  the  cyanide  happens  to  be 
"  free,"  the  titration  may  give  a  black  turbidity  of  silver  oxide 
instead  of  the  yellow  Agl. 

The  operator  should  note  that  cyanide  solutions  for  assay 
should  be  kept  corked,  should  not  be  agitated,  and  should  be 
assayed  as  soon  as  possible.  The  CO,  of  the  air  attacks  KCN, 
liberating  HCN,  which,  as  already  said,  is  not  titratable  as  "  free 
cyanide." 

*   None  is  "  free"  in  strong  solutions,  but  a  portion  is  "  free"  in  weak  solutions. 
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The  most  Important  Minor  Constituents  of  Cyanide 

Solutions. 

A.  Zinc. — Zinc  cannot  be  extracted  from  cyanide  solutions 
by  NaaCOa,  but  by  adding  ammonia  and  passing  H.S  a  sufifi- 
ciently  good  separation  of  ZnS  can  be  achieved.  This  precipi- 
tate is  unfortunately  gelatinous  and  troublesome  to  filter,  but 
the  other  members  of  Group  3  if  present  do  not  come  down 
except  Mn.  The  sulphide  precipitate  can  be  estimated  by 
Crosse's  method,  putting  the  precipitate  and  paper  in  a  closed 
vessel,  and  adding  excess  of  standard  iodine  followed  by  HCl. 

ZnS  -f  lo  =  ZnL  +  S. 

(The  HCl  is  necessary  to  get  quick  reaction,  but  should  be 
nearly  neutralised  after  the  action  is  over.)  The  residual  iodine 
is  titrated  with  thiosulphate,  and  the  iodine  difference  calculated 
into  zinc  by  the  ratio  65 :  254.  Alternatively,  the  ZnS  may  be 
dissolved  in  HCl,  H^S  boiled  off,  HNO3  added,  and  the  solution 
of  zinc  nitrate  taken  to  dryness  twice  with  HNO3,  and  then 
cautiously  ignited  to  ZnO  and  weighed. 

B.  Ferrocyanide  and  Sulplwcyanide. — The  cyanide  solution 
is  treated  with  HCl  and  then  with  ferric  nitrate,  not  in  excess 
(steel  wire  is  dissolved  in  25  per  cent.  HNO3  and  evaporated 
to  a  small  bulk).  Nitrate  is  better  than  chloride,  as  it  is  abso- 
lutely free  from  ferrous  salts.  On  warming,  the  Prussian  blue 
formed  coagulates  and  can  be  filtered  off;  if  the  filtrate  is 
reddish,  sulphocyanide  is  present.  The  washed  Prussian  blue 
is  treated  on  the  filter  with  warm  i  per  cent.  NaOH,  which 
extracts  sodium  ferrocyanide,  leaving  brown  ferric  hydrate  on 
the  paper.  Wash  the  latter  and  add  washings  to  the  filtrate. 
Make  the  filtrate  decidedly  acid  with  HoSO^  and  titrate  with 
standard  permanganate.  The  chemical  action  is  merely  that  of 
oxidising  ferrous  to  ferric  iron,  hence  as  usual  i  c.c.  of  N/io 
permanganate  (3.16  grams  KMnO^  in  a  litre)  equals  0.0056 
gram  iron,  which  equals  0.0368  gram  K^FeCy,,.  Since  the 
titration  solution  is  yellow  the  end-point  is  not  the  usual  pink 
of  permanganate,  but  a  red  shade,  and  as  it  is  liable  to  be  "  over- 
shot," a  reduction  of  o.io  c.c.  should  be  made  from  the  burette 
reading.  This  assay  is  best  done  in  a  white  basin  instead  of  in 
a  beaker. 
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Sulphocxanidc. — The  red  filtrate  from  the  Prussian  hlue, 
which  is  rather  Hable  to  decomposition,  should  not  be  kept 
standing  long,  but  shouUl  be  treated  at  once  with  i  gram  of 
sodium  sulphite,  and  then  with  y^  gram  of  copper  sulphate.  It 
should  then  smell  strongly  of  SO.,  and  is  left  to  stand  for  three 
hours.  White  cuprous  sulphocyanide  is  precipitated  and 
filtered  otT  (a  dense  paper  is  necessary).  This  is  then  treated 
as  the  Prussian  blue  was,  except  that  somewhat  stronger  caustic 
soda  solution  is  necessary.  Reddish-orange  cuprous  hydrate  is 
left  on  the  paper,  and  sodium  sulphocyanide  goes  into  the  filtrate. 

CuSCy  +  NaOH  =  CuOH  +  NaSCy. 

The  filtrate  is  acidified  and  titrated  with  permanganate,  as 
in  the  case  of  ferrocyanide.  Here  the  chemical  action  consists 
in  oxidising  HSCy  into  HCy  and  SO.,,  consequently  HSCy 
corresponds  to  6  Fe,  or  i  c.c.  N/io  permanganate  equals  0.00168 
gram  (this  is  an  empirical  factor,  the  theoretical  one  being 
0.00161)  KSCy  in  the  original. 

C.  "  Protective  Alkalinity." — This  expression  is  a  relic  of 
the  early  days,  and  merely  means  real  alkalinity  or  alkalinity 
due  to  hydrates.  All  cyanide  solutions,  even  when  made  up 
without  "alkali,  are  slightly  alkaline.  If  a  cyanide  solution  is 
titrated  with  an  acid  and  an  indicator,  hydrocyanic  acid  is 
continuously  liberated,  but  is  unable,  owing  to  its  weakness  as 
an  acid,  to  change  the  indicator;  consequently  almost  all  the 
alkali  metal  in  the  cyanide  has  to  be  disi)laced  before  the 
indicator  changes,  and  the  solution  thus  exhibits  a  high  alkalinity 
which  it  does  not  really  possess.  Other  salts  of  weak  acids. 
e.g.,  borax,  behave  in  the  same  way. 

To  determine  the  real  alkalinity  the  cyanide  solution  is 
first  treated  with  three  times  the  quantity  of  AgNO^  required 
for  free  cyanide.  Phenolphthalein  is  added,  when  the  solution 
goes  pink  (more  minute  traces  can  be  detected  with  naphtholph- 
thalein,  which  gives  a  green).  If  it  does  not  do  so,  there  is  no 
real  or  "  protective  ''  alkalinity,  and  the  original  solution  must 
have  contained  a  marked  trace  of  free  HCy.  The  alkalinity, 
if  present,  is  cautiously  titrated  with  N/io  oxalic  acid  till  the 
pink  is  discharged.  One  c.c.  N/io  acid  equals  0.004  gram 
NaOH.  or  0.0017  gi'^ni  OH. 

K 
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D.  Dissolved  Oxygen. — The  colorimetric  method  of  H.  A. 
White  is  the  best.  A  bottle  of  measured  volume  is  completely 
filled  with  the  solution  to  be  tested  for  oxygen.  Tabloids  of 
caustic  soda  and  of  "  pyrogalHc  acid  ''  are  then  added,  the  bottle 
being  quite  full,  and  a  rubber  stopper  is  inserted.  The 
colour  is  compared  with  a  set  of  standards.  The  standards  are 
prepared  by  treating,  in  the  same  manner  as  the  assay,  mixtures 
of  (i)  distilled  water  boiled  out,  and  (2)  distilled  water  shaken 
with  air  to  saturation.      (See  Appendix  VH.  for  details.) 

E.  Determination  of  Cyanate  in  Presence  of  Cyanide,  etc. — 
There  is  no  perfectly  accurate  process  for  making  this  estima- 
tion. Probably  the  best  is  to  treat  2CX)  c.c.  of  the  solution  with 
silver  nitrate  in  excess,  collect  and  wash  the  mixed  silver  pre- 
cipitate, and  add  it,  paper  and  all,  to  100  c.c.  of  5  per  cent, 
sulphuric  acid  containing  0.2  gram  of  KBr.  This  is  then  heated 
and  kept  near  boiling  for  half  an  hour,  by  which  time  the  cyanic 
acid  is  fully  hydrolysed.     The  equations  are: 

(i)  AgCNO  +  HBr  =  AgBr  +  HCNO. 

(2)  HCNO  +  H2SO,  +  H,0  =  NH.HSO^  4-  CO,. 

Note. — The  hydrocyanic  acid  is  liberated  in  the  free  state 
and  is  volatilised  without  being  decomposed.  The  liquor  is 
filtered  ofif  and  distilled  with  excess  of  caustic  soda  into,  say, 
10  c.c.  of  standard  acid,  part  of  which  is  neutralised  by  the 
ammonia,  which  is  estimated  by  titration  with  standard  alkali 
and  rosolic  acid  indicator. 

I  c.c.  N/io  alkali  diiTerence  =   i  c.c.  N/io  KCNO  =  0.0081 

gram  KCNO. 

F.  Carbonate  in  Cyanide  Solutions. — Only  a  rough  estima- 
tion is  possible  without  special  apparatus.  200  c.c.  of  the  solu- 
tion are  taken  in  a  250  c.c.  bottle,  which  is  then  filled  right  up 
with  barium  hydrate  and  stoppered,  shaken  and  allowed  to 
settle.  (Note. — If  the  amount  of  sulphate  in  the  solution  is 
excessive,  add  %  gram  of  solid  BaCl,  before  adding  the  hydrate.) 
The  barium  precipitate  is  best  collected  on  a  Buchner  funnel 
using  vacuum,  but  if  this  is  not  available,  may  be  filtered  ofif 
in  the  open  air  outside  the  assay  office  without  causing  serious 
error.  This  precipitate  is  roughly  washed  and  titrated,  paper 
and  all,  in  boiling  water,  using  N/io  acid  and  methylorange ; 
I  c.c.  N/io  acid  =  0.0053  gram  NajCOg. 
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G.  Pcterniinotion  of  Sulphate. — This  is  most  -imply  per- 
formed by  boiling  loo  c.c.  of  the  solution  with  excy  ss  of  hydro- 
chloric acid  and  filtering  oflf  any  precipitate.  To  the  filtrate 
an  excess  of  barium  chloride  solution  is  addec'  while  boiling, 
and  after  allowing  to  stand  for  12  hours,  the  barium  sulphate 
is  filtered  off,  washed,  ignited  and  weighed  in  the  usual  manner. 
BaSO^  multiplied  by  0.61   equals  Xa^SO^. 

H.  Determination  of  Sulphide. — Under  normal  working 
con<litions  this  can  rarely  be  present  as  more  than  a  trace,  as  it 
is  rapidly  oxidised  to  thiosulphate.  The  most  delicate  test  for 
its  presence  is  the  addition  to  the  solution  of  a  few  drops  of 
lead  acetate  solution,  followed  by  slight  excess  of  acetic  acid. 
A  brown  colouration  of  PbS  is  developed  if  any  sulphide  is 
present. 

I.  Determination  of  Sulphite  and  Thiosulphate. — In  the 
absence  of  sulphide  a  very  delicate  test  for  the  presence  of 
sulphite  is  the  pink  colour  developed  by  the  addition  of  i  c.c. 
of  a  freshly  prepared  4  per  cent,  solution  of  sodium  nitro- 
prusside  to  100  c.c.  of  the  solution  to  be  tested,  followed  by  the 
gradual  addition  of  i  c.c.  of  saturated  solution  of  zinc  sulphate 
and  then  i  c.c.  of  a  5  per  cent,  solution  of  potassium  ferro- 
cyanide.  If  o.ooi  per  cent,  of  sodium  sulphite  is  present  a 
faint  pink  colour  is  shown,  but  the  method  is  only  fit  for  very 
''ough  colorimetric  analysis. 

The  sulphite  may,  however,  be  fairly  exactly  determined 
by  taking  advantage  of  the  fact  that  the  addition  of  formaldehyde 
destroys  its  power  of  attacking  iodine.  To  100  c.c.  of  solution 
add  10  c.c.  of  4  per  cent,  formalin  solution,  sufficient  N/io 
sulphuric  acid  to  give  salmon  colour  with  methylorange,  and  a 
few  drops  of  .starch  solution.  Titrate  with  N/io  iodine,  and 
repeat  the  process  without  the  addition  of  the  formalin.  The 
difiference  gives  the  sulphite  present.  If  much  more  than  a 
trace  of  ferrocyanide  is  present,  it  must  be  removed  in  both 
lots  of  solution  by  filtration  after  the  addition  of  excess  of  zinc 
sulphate.  The  iodine  consumed  in  the  presence  of  formalin 
represents  the  thiosulphate  present.  In  many  cases  a  sharper 
end-point  is  found  if  i  c.c.  of  normal  sulphuric  acid  per  100  c.c. 
of  solution  to  be  tested,  is  added  beyond  the  neutral  point. 
I  c.c.  of  N/io  iodine  =  0.0158  gm.  Na^S^^Og. 
==  0.0063  S^-  NaoSOg. 
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It  must  be  remembered  that  the  reaction  between  iodine 
and  the  usual  constituents  of  a  cyanide  solution  depends  entirely 
upon  the  acidity,  as  under  certain  conditions  reaction  may  take 
place  with  the  cyanide,  sulphocyanide,  ferrocyanide,  sulphite, 
thiosulphate,  and  even  with  formates  to  a  slight  extent,  or  with 
any  arsenic  present  in  suitable  form.  It  is  therefore  advisable 
to  check  the  works  volumetric  results  occasionally  by  oxidising 
all  sulphur  present  in  any  form  with  excess  of  bromine  and 
determination  of  total  sulphate  as  described  above,  and  seeing 
whether  this  agrees  with  the  result  calculated  from  the  separate 
assays   for  the   four  sulphur  compounds  present. 

Determination  of  "  Reducing  Power  "  of  Mill  Water  or 
Working  Cyanide  Solutions. 

This  determination  is  generally  made  for  the  purpose  of 
estimating  the  amount  of  chloride  of  lime  required  to  "  correct  " 
for  the  oxygen-consuming  substances  present  in  the  water  or 
cyanide  solution. 

The  figure  obtained  is  only  an  approximate  one  in  the 
absence  of  information  as  to  what  particular  "  reducers  "  are 
present. 

To  carry  out  the  test  add  to  lOO  c.c.  of  the  solution,  lo  c.c. 
of  sulphuric  acid  (i  :3),  and  titrate  with  standard  N/80  per- 
manganate (0.4  gram  per  litre)  to  a  permanent  pink  tint. 

I  c.c.  standard  permanganate  =  .0001  grm.  oxygen  =  .00044 
grm.  chlorine,  or  0.0022  grm.  of  20  per  cent,  chloride  of  lime,  so 
that  for  100  c.c.  of  the  water  or  cyanide  solution,  the  number 
of  c.c.  permanganate  used  X  0.22  will  give  the  number  of  lbs.  of 
20  per  cent,  chloride  of  lime  required  for  1,000  gallons. 


149 


CHAPTER   XIII. 
ANALYSIS  AND  VALUATION  OF  STORES  AND  MATERIALS. 

Sodium  Carhonati:. 

Commercial  sodium  carbonate  is  usually  tested  for  sodium 
carbonate,  sodium  bicarbonate,  sodium  hydrate  and  chloride,  also 
for  combined  water  or  loss  on  ignition. 

Dissolve  5  grms.  of  the  material  in  distilled  water  pre- 
viously boiled  and  cooled,  and  dilute  to  i  litre.  Use  50  c.c.  of 
this  solution  for  the  following  tests : — 

Titrate  with  N/io  sulphuric  acid,  using  phenolphthalein 
indicator. 

Do  not  agitate  the  solution  more  than  is  necessary  during 
this  titration. 

The  amount  of  sulphuric  acid  used  is  called  .r. 

Add  methyl  orange  indicator  and  complete  the  titration. 

This  second  amount  of  acid  used  is  called  y,  x  -\-  y  being  the 
total  acid  taken. 

If  2.V  be  greater  than  .r  +  v,  sodium  hydrate  is  present,  aiul 
•*'  —  y  give?  the  acid  equivalent  to  sodium  hydrate,  while  2y  = 
sodium  carbonate. 

If  2.r  be  less  than  .r  +  y,  bicarbonate  is  present,  and  y —  i' 
=  bicarbonate,  while  2  .v  =  sodium  carbonate. 

Obviously  both  bicarbonate  and  hydrate  cannot  be  present 
simultaneously  in  the  same  solution.* 

After  titration  to  the  methylorange  end-point  one  drop  of 
the  sodium  carbonate  solution  is  added  to  remove  the  trace  of 
excess  acid,  and  the  chlorides  are  determined  by  titration  with 
N/io  silver  nitrate,  using  potassium  chromate  indicator. 


*  [They  may  both  be  present  in  cqiihaleiit  quantities  owing  10 
"hydrolysis"  of  XaiCOa.  but  durin-.^  titration  such  equivalent  quantities 
disappear  together:  CO,  " -f  H,0  =  HCO3' +  OH'.  The  titration  shews 
only  the  non-equivalcnt  part. — Ed.] 
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As  50  c.c.  of  the  original  solution  is  tested,  all  calculations 
are  to  be  made  on  the  basis  of  the  0.25  grm.  of  sample  present. 

I  c.c.  of  N/io  sulphuric  acid  =  0.0084  grm.  NaHCOj. 

do.  do.         do.  =0.004       V        NaOH. 

do.  do.         do.  =0.0053     y>        NajCOg. 

I  c.c.  of  N/io  silver  nitrate  ^  0.00585  ,,        NaCl. 

Estimation  of  Available  Oxygen  in  Commercial 
Manganese  Dioxide. 

The  method  depends  on  the  reaction  of  MnO,  and  oxalic 
acid  in  presence  of  sulphuric  acid. 

MnO.  +  H,SO,  +  (COOH),  =MnS04  +  2H0O  +  2CO2. 

The  crystallised  oxalic  acid  has  the  formula  CsOgHg  with 
molecular  weight  126,  so  that  87  parts  of  MnOo,  containing  16 
parts  available  oxygen,  would  react  theoretically  with  126  parts  of 
crystallised  oxalic  acid.  In  practice  a  known  excess  of  oxalic 
acid  is  used,  and  the  residue  after  reaction  i?  titrated  with 
standard  permanganate  solution. 

Method. — Weigh  out  5  grams  of  sample  and  7.5  grams 
of  oxalic  acid,  and  transfer  to  a  conical  flask  of  about  750  c.c. 
capacity.  Add  about  250  c.c.  of  water  and  about  20  c.c.  sul- 
phuric acid  (pure),  and  allow  to  stand  on  a  water-bath  until  the 
reaction  is  complete  and  only  gangue  is  left.  Filter  into  a 
graduated  litre  flask,  wash  well,  and  when  cool  dilute  to  the 
mark.  Withdraw  100  c.c,  warm  to  about  80°  C,  and  titrate  the 
excess  of  oxalic  acid  with  N/io  KMn04. 

Assume  that  .i"  c.c.  of  permanganate  are  required, 

I   c.c.  of  N/io  KMnO^  =  0.0063  S^^-  oxalic  acid.     Multiply 
by  10  for  a  litre  of  filtrate. 

.  •  .    (io,r  X  -0063)  grms.  =  total  oxalic  acid  left  in  litre  flask,  to 
be  deducted  from  original  7.5  grms. 

87 

.•.(7.5 — o.o63.r)  X =  grams  MnO,  in  5  grms.    of    sample, 

126 

from  which  the  percentage  is  calculated. 

The  "  available  oxygen  "  is  the  percentage  of  MnO,  multi- 
plied by  16/87. 
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Zinc  Fume:  Determination  of  Mftaf-mc  Zinc  and 
Zinc  Oxide. 

Metallic  Zinc. — Take  0.5  grin,  of  zinc  dust  and  place  in  a 
stoj^pcrcd  250  c.c.  flask,  adding  25  c.c.  of  cold  water.  The 
mixture  is  agitated,  and  when  the  zinc  is  thoroughly  suspended 
7  grms.  of  ferric  sulphate  are  added.  There  is  a  gentle  evolu- 
tion of  heat,  and  after  shaking  for  a  (|uarter  of  an  hour  the  zinc 
will  have  been  completely  dissolved,  with  the  exception  of  a 
slight  residue  of  impurities ;  25  c.c.  of  strong  sulphuric  acid 
are  then  added,  and  the  flask  is  made  up  to  the  mark  with  water. 
50  c.c.  of  this  solution,  after  dilution  with  50  c.c.  of  water,  are 
titrated  with  standard  permanganate. 

I  c.c.  N/io  KMnO^  =  0.00327  grm.  zinc. 

If  iron  is  present  in  the  zinc  fume  it  will  be  necessary  to 
dissolve  i  grm.  of  the  fume  in  dilute  sulphuric  acid  and  find 
the  number  of  c.c.  of  N/io  permanganate  required,  and  deduct 
the  proportionate  amount  from  the  previous  titration. 

Total  Zinc. — Take  0.5  grm.  of  zinc  fume  and  treat  with 
small  amount  of  dilute  hydrochloric  acid  and  a  few  c.c.  of 
bromine  water.  When  zinc  is  completely  dissolved  dilute 
slightly  and  filter;  wash;  to  the  filtrate  add  a  few  grms.  of 
ammonium  chloride  and  boil;  let  cool  and  make  slightly  alkaline 
with  ammonia;  boil,  filter  and  wash.  If  there  is  much  iron  pre- 
sent it  will  be  necessary  to  redissolve  the  iron  precipitate,  and 
then  reprecipitate  with  ammonia  and  mix  the  filtrates ;  slightly 
acidify  the  filtrate  with  hydrochloric  acid  (about  5  c.c.  excess), 
and  heat  to  70-80°  C,  and  titrate  with  potassium  ferrocyanide, 
using  uranium  nitrate  or  acetate  on  the  spot  plate  as  outside 
indicator, 

If  the  iron  content  is  small  it  is  not  necessary  to  filter;  make 
the  solution  acid,  again  using  5  c.c.  in  excess,  and  titrate  direct. 

Standard  potassium  ferrocyanide  46  grms.  per  litre. 

I  c.c.  =  0.01  grm.  zinc.       (See  page  97.) 

It  will  be  necessary  to  standardise  the  ferrocyanide  solution 
by  dissolving  pure  zinc  and  carrying  out  exactly  as  in  the  method. 

By  determining  the  amount  of  metallic  zinc  and  then  the 
total  zinc  the  zinc  present  as  zinc  oxide  can  be  found  by  difference. 

Zn  X  I  245  =  ZnO. 
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Determination  of  Available  Sulphuric  Acid  in 
Sodium  Bisulphate. 

Take  5  grms.  of  crushed  sample  and  dissolve  in  distilled 
water,  and  make  up  to   i  litre. 

Take  50  c.c.  and  titrate  with  N/io  sodium  carbonate,  using 
methylorange  as  indicator. 

I  c.c.  of  N/io  sodium  carbonate  =  0.0049  grm.  available 
sulphuric  acid.     Multiply  grams  by  400  for  result  per  cent. 

Zinc  Shavings. 

Ti}i. — Take  20  grms.  of  sample  and  dissolve  in  dilute  nitric 
acid,  boil,  allow  to  settle,  filter,  wash,  dry  and  ignite  precipitate  and 
weigh  as  SnOo.  Usually  there  is  no  appreciable  amount  of  tin 
in  the  sample,  when,  of  course,  the  solution  is  not  filtered. 

Lead. — The  filtrate  is  then  neutralised  with  ammonia  and 
then  re-acidified  with  acetic  acid;  the  lead  is  then  precipitated 
by  the  addition  of  potassium  dichromate  solution,  boiling  for  a 
few  minutes. 

The  lead  chromate  precipitate  is  collected  on  a  tared  filter 
paper,  washed  well  with  very  dilute  acetic  acid,  and  dried  at 
ioo°C.  and  weighed. 

Lead  chromate  X  0.64  equals  lead. 

Iron. — Weigh  out  5  grms.  of  sample  and  place  in  a  150  c.c. 
flask.  Add  20  c.c.  of  water  and  10  c.c.  of  hydrochloric  acid 
and  heat.  When  the  action  slows  down  add  30  c.c.  of  i  in  3 
sulphuric  acid;  when  the  zinc  is  all  dissolved,  dilute  slightly  and 
filter  quickly  (the  residue  on  the  paper  consists  chiefly  of  lead), 
dilute  the  filtrate  well,  and  titrate  the  iron  with  N/io  perman- 
ganate of  potash. 

I   c.c.   N/io  KMnOi  =  0.0056  grm.   iron. 

Cadmium. — Dissolve  20  grms.  of  the  sample  in  dilute  hydro- 
chloric acid,  sufficient  to  dissolve  all  the  zinc  except  about  half  a 
gram;  filter  oft"  the  residue  of  zinc,  lead,  cadmium,  and.  wash 
twice;  dissolve  the  residue  in  a  little  nitric  acid.  Add  i  c.c.  of 
sulphuric  acid  and  evaporate  to  fumes.  Add  20  c.c.  of  water, 
heat  to  dissolve  cadmium  sulphate,  and  filter  oft'  the  lead  sul- 
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phatc*  ;  make  tlie  hltratc  alkaline  with  aiiinujiiia  in  excess,  boil 
and  filter  off  any  bismuth  ;  make  the  filtrate  slightly  acid  with 
sulphuric  acid  and  precipitate  the  cadmium  with  H-^S  from  the 
hot  solution;  filter  and  wash  a  few  times  with  ILS  water,  wash 
the  precipitate  back  into  the  beaker,  and  add  a  little  potassium 
cyanide,  and  shake  until  any  copper  sulphide  is  dissolved ;  filter 
and  wash  well  (on  a  small  paper)   with  HoS  water. 

Dissolve  the  sulphide  in  hot  i  .  i  HCl.  catching  the  solution 
in  a  weighed  porcelain  crucible ;  add  a  few  drops  of  sulphuric 
acid,  and  evaporate  to  dryness;  finally  drive  off  the  sulphuric 
acid  at  as  low  a  temperature  as  possible. 

Weigh  and  multiply  the  weight  of  the  cadmium  sulphate 
by  0.538  to  get  the  weight  of  the  cadmium. 

Arsenic. — Take  20  grms.  of  sample  and  dissolve  in  dilute 
nitric  acid ;  evaporate  to  near  dryness  and  add  sulphuric  acid, 
and  evaporate  to  first  appearance  of  white  fumes.  (Caution: 
.Arsenic  acid  is  volatile.)  Dilute  and  filter  off  the  lead  sulphate; 
to  the  filtrate  add  sodium  sulphite  to  reduce  the  iron  and  arsenic. 
Boil  off  the  e.xcess  of  SOo  and  pass  H^S  through  the  hot  solution  : 
filter  and  digest  with  ammonium  carbonate  to  dissolve  the 
arsenic,  re-acidify  with  hydrochloric  acid,  and  pass  H^S  to  re- 
precipitate  the  arsenic,  filter  and  re-dissolve  in  hydrochloric  acid 
and  bromine.  Make  ammoniacal  and  precipitate  the  arsenic 
with  magnesia  mixture,  allowing  to  stand  overnight ;  filter,  wash 
well  with  very  dilute  ammonia  water,  dry  and  ignite  and 
weigh  as  magnesium  pyroarsenate  Mg.^ASjOj. 
Mg,As,0,  X  0.485  =  As. 

Alternatively  H.  H.  Green's  method  (J.S..L  Assoc.  Anal. 
Chcm.^  1919)  "isy  Ije  employed,  using  only  2  grms.  of  zinc;  or 
the  method  of  distillation  with  a  large  excess  of  FeClg.  (See 
page  166.) 

Determination   of   Av.\il.\bli-:   Chlorine  in    Ble.\ciiing 
Powder  (Chloride  of  Lime). 

The  sami)le  is  well  but  (|uickly  mixed  and  5  grms.  weighed. 
Place  in  a  mortar,  add  a  little  water,  and  rub  the  mixture  to  a 
smooth  cream.     More  water  is  then  rubbed  in  with  the  pestle, 


*  This  can  be  used  for  determination  of  lead  instead  of  a  separate 
determination. 
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when  the  mixture  is  allowed  to  settle  a  short  while,  then  poured 
off  into  a  litre  flask.  The  sediment  is  again  rubbed  with  water, 
poured  off,  and  so  on  repeatedly  until  the  whole  of  the  sample 
is  conveyed  into  the  flask  without  loss  and  the  mortar  washed 
quite  clean.  The  flask  is  then  filled  to  the  mark  with  distilled 
water,  well  shaken  and  20  c.c.  of  the  milky  liquid  taken  out 
with  a  pipette,  emptied  into  a  beaker,  and  an  excess  of  a  solu- 
tion of  potassium  iodide  added.  The  mixture  is  then  diluted 
somewhat,  acidified  with  acetic  acid,  and  the  liberated  iodine 
titrated  with  N/io  thiosulphate  and  starch. 

I  c.c.  N/io  thiosulphate  solution  =  0.00355  S^^'^'^-  chlorine. 

Determination  of  Potassium  Cyanide  in  Cyanide 
Supplies. 

The  sample  must  be  taken  immediately  the  case  is  opened 
and  kept  in  a  sealed  bottle.  5  grms.  of  the  quickly  powdered 
sample  is  dissolved  in  distilled  water  previously  boiled  and 
cooled,  making  up  to  500  c.c.  Titrate  25  c.c.  in  a  flask  with 
N/20  silver  nitrate,  using  potassium  iodide  as  indicator. 

I  c.c.  of  N/20  silver  nitrate  indicates  5.2  per  cent.  KCN. 
Care  must  be  taken  throughout  that  the  sample  on  which 
the  determination    is  to  be  made  is  kept  from  contact  with  the 
atmosphere  as  much  as  possible.     This  is  essential,   as  cyanide 
is  very  quickly  acted  on  by  moisture  and  carbon  dioxide. 

If  soluble  sulphides  are  present  in  sufficient  quantity  to 
interfere  with  the  silver  nitrate  titration  end-point,  add  a  few 
c.c.  of  precipitated  lead  carbonate  to  the  500  c.c.  flask  contain- 
ing the  cyanide  solution,  and  make  up  to  the  500  c.c.  mark ; 
shake  well  and  allow  the  precipitated  lead  sulphide  to  settle. 
The  lead  carbonate  is  without  action  on  the  cyanide. 

Determination  of  Available  Caustic  Lime  (CaO) 
IN  Lime  Supplies. 

The  whole  of  the  sample  is  passed  as  quickly  as  possible 
through  a  disc  pulveriser  and  rapidly  and  evenly  spread  out  on  a 
sheet  of  paper,  and  a  small  portion  taken  and  ground  in  an  agate 
mortar  to  reduce  the  small  particles. 

Two  grms.  of  the  ground  sample  is  added  to  an  imperial 
quart  bottle  containing  1,000  c.c.  of  2  per  cent,  sugar  solution  in 
distilled  water  previously  treated  with  sufiicient  lime-water  to 
neutralize  any  CO2  present,  using  phenolphthalein. 
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Agitate  intermittently   for  two  hours. 

The  sample  is  then  allowed  to  stand  overnight,  and  50  c.c. 
of  the  clear  solution  is  drawn  off  without  filtering  and  titrated 
with  X/io  sulphuric  acid,  using  rosulic  acid  as  indicator. 

I  c.c.  X/io  II.SO^  used  indicates  2.8  per  cent,  caustic 
lime  (CaO). 

Lead  Acktate   (Purity  of). 

Take  5  grms.  of  sample  and  dissolve  in  distilled  water  and 
make  up  to  500  c.c. 

Filter,  take  50  c.c.  and  add  about  2  c.c.  of  acetic  acid,  dilute 
slightly,  heat  to  boiling  and  titrate  with  ammonium  molybdate 
solution,  using  tannin  as  indicator  on  spot  plate. 

For  ammonium  molybdate  solution,  take  9  grms.  per  litre 
and  standardise  on  pure  lead. 

I  c.c.  =  o.oi  gram  lead. 

Lead  X  ^-833  equals  lead  acetate. 

Borax  (Purity  of). 

Total  soda  in  borax  may  be  determined  by  titrating  with 
acid,  using  methylorange.  1  c.c.  N/io  HCl  =  o.oo^i  gram 
Na,0. 

Boric  acid  must  be  determined  if  adulteration  with  alkali 
is  suspected.  The  liquid  from  the  methylorange  titration  is 
boiled  in  a  flask  with  an  air-condenser  tube  (boric  acid  is 
volatile)  till  free  from  CO2,  whereon  traces  of  alkali  are  added 
until  the  methylorange  is  just  yellow.  Add  half  the  bulk  of 
glycerine  (making  a  33  per  cent,  glycerine  solution)  and  10  drops 
of  phenolphthalein.  and  titrate  with  caustic  soda  (fresh,  free 
from  carbonate)  ;  more  glycerine  should  be  added  near  the  end- 
point  (which  is  red,  a  combination  of  the  pink  of  phenolphthalein 
with  the  yellow  of  methylorange). 

I  c.c.  A^  NaOH  =  0.0350  B.,03  =  0.0505  Na,B,0,. 

Water  is  determined  by  loss  on  strong  ignition. 

Analysis  of  Coal  and  Coke. 

Preparation  of  Sample. — Air-dry  the  sample  and  crush  to 
pass  a  six-mesh  sieve.  Mix  thoroughly  and  quarter  down  to 
about  half  a  pound   in   weight.        Final   fine  grinding    may    be 
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effected  in  a  coffee  mill ;  mix  again  and  fill  two  small  stoppered 
bottles ;  retain  one  for  reference  or  for  check. 

AsJi. — Take  2  grms.  of  sample  and  place  in  small  porcelain 
dish  or  clean  scorifier,  and  burn  off  in  mnfffe,  cool,  and  weigh. 

Moisture. — Take  5  grms.  of  sample  and  place  in  small 
porcelain  dish,  or  crucible,  and  dry  in  water  oven  for  one  hour 
at  the  boiling-point  of  water,  cool  and  weigh.  The  difference  is 
moisture.  The  vessel  used  should  be  capable  of  being  tightly 
closed,  and  is  closed  directly  it  is  taken  from  the  oven. 

Volatile  Matter* — Take  2  grms.  of  sample  weighed  in 
a  suitably  shaped  platinum  crucible  with  lid,  heat,  commencing 
gently  and  finishing  over  a  strong  bunsen  burner  for  7  minutes. 
Cool  and  weigh. 

The  flame  should  completely  envelop  the  crucible. 

Loss  represents  moisture  and  volatile  matter.  The  latter 
iS'  therefore  obtained  by  difference  by  subtracting  the  moisture. 

Fixed  Carbon. — This  is  obtained  by  deducting  the  ash, 
moisture,  and  volatile  matter  from   100. 

Sulphur. — Take  i  grm.  of  sample  and  i  grm.  of  carefully 
burnt  lime  (CaO)  free  from  sulphur,  and  mix  together  in  a  small 
porcelain  crucible.  Add  a  little  water,  say  i  c.c,  carefully  to 
slake  the  lime,  and  then  carefully  dry,  place  in  mufffe,  and  heat 
until  all  the  carbon  has  completely  burnt  off.  Cool.  (This  is 
preferred  to  the  Eschka  process,  because  the  blank  determination 
for  sulphur  in  the  materials  gives  a  very  small  result.) 

Transfer  to  beaker  containing  about  50  c.c.  of  water  and 
15  c.c.  of  bromine  water.  Wash  any  of  the  sample  remaining  in 
the  porcelain  crucible  with  a  little  bromine  water,  then  add  10  c.c. 
of  concentrated  hydrochloric  acid,  and  boil  off'  the  excess  of 
bromine :  filter  and  wash  well.  The  filtrate  is  then  heated.  When 
boiling  add  10-15  c.c.  of  hot  10  per  cent,  barium  chloride  solu- 
tion very  carefully.  Boil  for  about  15  minutes,  and  then 
allow  to  stand  warm  for  about  two  to  three  hours.  Filter  and 
wash  w^ell  with  hot  water  until  the  filtrate  is  free  from  chloride. 
Dry,  ignite  and  weigh. 

*  "  Volatile  matter  "  varies  with  the  conditions  of  the  determination. 
Some  prefer  to  heat  till  the  flame  due  to  evolved  gas  ceases,  and  then  for 
one  minute  more.     A  standard  procedure  is  now  under  consideration. 
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Barium  sulphate  X  0.1375  =  sulphur. 

It  is  always  necessary  to  carry  out  a  "  blank  "  test  with  the 
stock  of  lime  used,  and  deduct  the  amount  f<)un<i  from  the  coal 
sample  result. 

Nitrogen. — Take  a  portion  of  the  samjjle  and  grind 
thoroughly  in  an  agate  mortar. 

Take  2  grms.  of  the  finely  ground  sam])le  and  place  in  a 
Kjeldahl  flask  of  about  200  c.c.  capacity,  moisten  with  about 
I  c.c.  of  water,  add  20  c.c.  of  concentrated  pure  sulphuric  acid 
and  about  V4  gram  of  copper  suli)hate.  and  heat  over  a  bunsen 
burner.  After  heating  for  about  an  hour  add  \o  grms.  of  sodium 
or  potassium  sulphate  (previously  dried)  ;  continue  heating  until 
decomposition  is  complete,  when  the  contents  of  the  flask  will  be 
almost  colourless;  this  may  require  as  much  as  four  hours' 
heating.  The  addition  of  minute  quantities  of  permanganate  of 
potash  from  time  to  time  will  assist  decomposition,  but  must  not 
be  used  towards  the  end  of  the  decolorisation.  After  decom- 
position allow  to  cool  and  add  distilled  water  very  carefully. 
When  the  mass  has  completely  dissolved,  transfer  the  contents 
of  the  Kjeldahl  flask  to  a  distilling  flask. 

Add  some  sodium  carbonate,  not  enough  to  neutralise,  then 
add  50  c.c.  of  a  20  per  cent,  caustic  soda  solution,  or  10  grms.  of 
the  solid,  and  immediately  connect  to  a  condenser.  Distil  into 
a  flask  to  which  has  been  previously  added  a  known  volume  of 
N/io  sulphuric  acid  (about  35  c.c.  is  usually  sufficient). 

When  the  distillate  measures  from  100  to  150  c.c.  remove 
the  flask  and  titrate  the  excess  of  sulphuric  acid  in  the  distillate, 
using  N/io  sodium  carbonate,  with  methylorange  as  indicator. 
The  amount  of  sulphuric  acid  neutralised  by  the  distillate  is 
the  equivalent  of  the  ammonia  produced  from  the  nitrogen  in 
the  sample. 

I  c.c.   N/io  sulphuric  acid  =0.0014  grm.  nitrogen. 

Percentage  of  nitrogen  X  94-2  =  equivalent  of  ammonium 
sulphate  expressed  as  pounds  per  ton  of  2,000  lbs. 

Phosphorus. — Take  4.89  grms.  of  sample  and  burn  to  ash 
in  muffle,  fuse  the  ash  in  a  platinum  crucible  with  6  to  8  grms. 
of  fusion  mixture,  cool,  dissolve  in  water,  filter,  and  wash  two 
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or  three  times  with  water.  To  the  fihrate  add  2  c.c.  of  10  per 
cent,  ferric  chloride  sokition,  just  dissolve  the  resulting  pre- 
cipitate in  nitric  acid,  boil  and  precipitate  with  ammonia,  filter. 
The  precipitate  contains  the  phosphorus  with  the  iron.  Wash 
the  precipitate  a  few  times  with  water. 

Dissolve  the  precipitate  in  a  small  quantity  of  nitric  acid, 
and  make  up  to  75-80  c.c.  Bring  near  boiling  point  and  add 
about  y2  gram  ammonium  nitrate  and  15  c.c.  of  10  per  cent,  am- 
monium molybdate  solution.  Allow  to  stand  in  a  warm  place  for 
half  an  hour,  and  filter  through  a  tared  filter  paper.  Wash  with  2 
per  cent,  nitric  acid,  and  finally  with  alcohol  thoroughly  to  remove 
the  acid :  the  use  of  water  will  cause  the  precipitate  to  run 
through  the  filter.  Dry  in  a  water  oven  and  weigh.  Actual 
weight  of  precipitate  in  grams  divided  by  three  represents  the 
percentage  of  phosphorus  in  the  sample. 

Coking  Test. — Take  50  to  150  grms.  of  the  coarsely  crushed 
sample,  place  in  an  assay  crucible,  and  as  a  cover  lute  on  a  lid  or 
scorifier  with  fireclay.  Submit  the  covered  crucible  to  a  very 
hot  fire  for  an  hour,  starting  cautiously,  however,  to  prevent 
the  lid  being  blown  off.  Remove  from  the  fire  with  the  cover 
undisturbed,  and  when  cold  weigh  the  coke  and  calculate  the 
percentage,  and  examine  same  to  judge  its  quality.  The  loss 
observed  should  agree  to  within  about  i  per  cent,  of  the  total 
volatile  figure  obtained  by  the  small  crucible  test. 

Specific  Gravity. — This  is  best  determined  on  a  portion  of 
the  sample  from  which  the  coarse  and  very  fine  portions  are 
removed;  that  which  passes  a  lo-mesh  and  is  caught  on  a  20- 
mesh  sieve  is  a  very  convenient  size. 

Dry  and  weigh  a  suitable  specific  gravity  bottle,  fill  with 
distilled  water  at  an  average  temperature  (say  20°  C.)  and 
weigh. 

Take  10  grms.  of  the  sample  and  introduce  this  carefully 
into  the  empty  specific  gravity  bottle,  about  half  fill  with  distilled 
water,  and  boil  for  about  five  minutes.  Allow  to  cool  to  the 
desired  temperature.     Fill  with  distilled  water  and  weigh. 

The  difference  between  this  final  weight  and  the  weight  of 
the  bottle  filled  with  water  plus  10  grms.  is  the  weight  of  water 
displaced  by  the  10  grms.  of  sample  taken. 
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Tilt*  specific  gravity  is  ten  divided  In   thi.s  weight. 
A  =  \\t.  of  bottle. 

B  = .'iiid  water. 

C  =    ,,     ,.        •.  .,         .,       and  coal   (lo  grms. ). 

lO 

Specific  gravity  ^ 

(BH-  lo)— C 

Calorific  Value. — The  type  of  calorimeter  generally  in  use 
at  present  is  the  Mahler-Kroekcr. 

The  amount  of  sample  to  be  taken  for  combustion  must  be 
between  0.8  and  1.2  grams.  It  may  be  used  either  (i)  as 
received,  (2)  air-dried,  or  (3)  after  i  hour's  drying  at  the 
boiling-point  of  water;  but  the  analyst's  certificate  shall  in  all 
cases  state  which  of  these  procedures  has  been  adopted. 

\V atcr-cqnivalcnt . — "  Calibration  of  Instrument ''  {Deter- 
mination of  Constant). — The  combustion  for  this  purpose  shall 
be  made  (where  possible)  with  not  less  than  i  gram  of  pure 
cane  sugar,  as  supplied  by  the  American  Bureau  of  Standards, 
which  must  also  have  been  thoroughly  dried  in  the  steam  bath 
before  use  and  then  compressed  into  a  block.  All  other  conditions 
stated  below  shall  be  observed. 

In  calculating  the  result  for  "  calibration,"  the  calorific  value 
of  the  sugar  or  other  standard  substance  used  shall  be  that  stated 
on  the  otificial  certificates  accompanying  the  specimen,  and  no 
allowance  other  than  the  radiation-correction  shall  be  made. 

Care  must  be  taken,  by  using  suitable  wire,  or  otherwise, 
that  the  ignition  current  be  made  as  brief  as  possible,  so  as 
not  to  exceed  i  second. 

Standardisation  of  the  Details  of  the  Instrument. — The 
thermometer  for  obtaining  the  rise  of  temperature  on  combustion 
must  be  sufficiently  sensitive  to  enable  direct  readings  to  0.01°  C. 
to  be  taken  {i.e.,  100  graduations  per  degree  must  be  present). 
The  thermometer  must  have  been  tested  (by  detaching  the 
thread)  for  evenness  of  bore  at  all  temperatures  likely  to  be 
used.  It  is  preferable  to  discard  altogether  a  thermometer  of 
which  the  calibration  corrections  are  large.  In  reading  the  ther- 
mometer while  in  position  care  should  be  taken  not  to  aft'ect  it 
by  heat  radiated  from  the  operator's  body. 
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Other  Details. — The  oxygen  must  be  quite  free  from  hydro- 
carbons and  hydrogen.  It  must  be  introduced  into  the  bomb 
slowly  in  order  to  avoid  "  dusting  "  of  the  coal.  The  working 
pressure  (in  the  case  of  coal)  shall  be  not  less  than  25  atmospheres 
(360  lbs.  per  sq.  inch  J.  Some  form  of  mechanical  stirring 
apparatus  is  preferable,  and  must  have  been  so  adjusted  as  to 
give  the  same  degree  of  agitation  in  all  experiments,  but  not  so 
violent  as  to  raise  the  temperature  of  the  water  appreciably.  The 
room  in  which  calorimetric  work  is  done  should  be  chosen  so 
as  to  be  as  free  as  possible  from  temperature  fluctuations,  and  a 
tank  of  water  should  be  kept  overnight  in  the  room  to  insure  a 
uniform  supply  approximating  in  temperature  to  that  of  the 
room.  To  diminish  the  chance  of  error,  every  effort  should  be 
made  to  have  the  bomb  and  the  outer  and  inner  water  all  as  near 
the  room  temperature  as  possible,  and  all  sources  of  radiant  heat 
and  of  draughts  must  be  avoided  before  commencing  a  deter- 
mination. 

Mode  of  Operatiou. — A  convenient  quantity  (see  p.  158)  of 
the  fuel  to  be  tested  shall  be  weighed  with  an  accuracy  of  at  least 
a  milligram.  Sufficient  water  shall  be  placed  in  the  calorimeter 
vessel  to  cover  the  bomb  by  at  least  ^  inch.  The  water  in 
the  vessel  shall  be  measured  or  weighed  to  within  o.i  per  cent. 
After  assembling  all  the  parts  of  the  calorimeter,  stirring  shall 
continue  for  at  least  three  minutes. 

When  everything  is  ready  for  firing,  the  ''  preliminary  rate 
of  rise,"  if  any  (B  in  formula),  must  be  ascertained  by  reading 
the  thermometer  four  times  with  an  interval  of  a  minute  between 
each  reading.  The  firing  current  is  passed  as  soon  as  possible 
after  the  last  preliminary  reading,  and  thereafter  the  temperature 
is  watched  continuously  to  find  the  maximum,  but  no  readings 
need  be  registered  except  as  a  check  on  missing  the  maximum. 
The  maximum  is  noted,  and  thereon  the  operator  waits  two 
minutes  (until  the  condition  of  regular  cooling  commences).  Five 
observations  of  temperature  are  then  taken  with  an  interval  of 
one  minute  between  each  reading.  The  differences  should  be 
regular  to  .005°,  and  the  "average  difference"  or  "final  rate 
of  fall  "  (A  in  formula)  is  the  difference  of  the  first  and  fifth 
readings  divided  by  4.  Thus  the  operation  takes  in  all  nine 
minutes  over  and  above  the  time  between  firing  and  maximum, 
or,  say,  11  to  12  minutes  in  all.     Everything  should  be  arranged 
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so  that  no  breakdown  of  this  procedure  takes  place,  else  the  data 
on  which  the  calculation  is  founded  become  somewhat  unreliable. 
At  the  end  of  the  experiment  examine  the  ash  and  the  inside 
of  the  bomb  for  incomplete  combustion. 

Standardisation  of  Calculation. — The  following  new*  for- 
mula has  been  worked  out  so  as  to  eliminate  the  corrections  for 
iron  wire  and  for  acids  (sulphuric  and  nitric)  produced  in  the 
combustion,  to  an  extent  sufficient  to  comply  with  an  accuracy  of  i 
per  cent,  in  the  determination  as  a  whole. 

WDF,  B 

E  = where  F  ^  i  +  A or  alternatively, 

539  ^^'D  5 

H= (5  +  5A-B). 

2695 

E  =  Result  in  evaporative  units  (lbs.  water/lb.  fuel). 

W  ^  Water-equivalent  of  calorimeter  and  contents. 

D  =  Rise  of  temperature  =  maximum  minus  last  preliminary 

reading. 
A  =  "final  rate  of  fall." 
B  =  Preliminary  rate  of  rise. 

Note. — If,  owing  to  wrong  adjustment  of  the  jacket  tem- 
perature, the  preliminary  rate  is  a  fall  instead  of  a  rise,  the  factor 
B  must  be  added  (instead  of  subtracted)  in  the  above  formula. 

Alcohol  in  Kaffir  Beer. 

The  principle  of  the  method  is  to  distil  the  liquid  till  all  the 
alcohol  has  passed  over  with  the  distillate,  taking  care  that  the 
latter  contains  no  other  volatile  substances. 

The  beer  should  be  analysed  as  soon  as  received:  if  this  is 
not  convenient,  add  a  little  HjSO^  to  arrest  fermentation. 

Take  50  c.c.  of  the  beer  and  add  a  little  caustic  soda  or  milk 
of  lime — this  removes  free  CO^,  acetic  or  other  volatile  acids — 
and  put  in  a  500  c.c.  flask,  and  make  up  to  150  c.c.  with  distilled 
water.  Boil  for  an  hour  till  about  60  c.c.  of  distillate  has  been 
obtained.  Thoroughly  mix.  Fill  up  sp.  gr.  bottle  with  the 
distillate.     Then  cool  in  a  beaker  to  15.5°  C,  and  adjust  liquid 

*  See   S..A.   Standards   Committee,   Standardization  of   Coal   Analysis. 
L 
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in  flask  with  blotting  paper,  leaving  the  flask  full  exactly  to  the 
mark.  Dry  flask  and  weigh.  Repeat  with  the  flask  full  of  pure 
water.  Subtract  the  weight  of  flask,  calculate  the  specific  gravity 
of  distillate,  and  obtain  the  percentage  of  alcohol  by  reference  lO 
the  tables. 

Analysis  of  White  Bearing  Metals. 
(^Reference  Lord  and  Demorcst,  "Metallurgical  Analysis.") 
These  alloys  normally  contain  lead,  antimony,  copper,  and 
tin.  Place  i  gram  of  fine  drillings  in  a  Kjeldahl  flask  or  beaker. 
Add  20  c.c.  of  concentrated  sulphuric  acid,  specific  gravity  1.84; 
heat  over  bare  flame,  and  keep  the  sulphuric  acid  at  or  near 
boiling  until  the  residue  is  pure  white ;  cool  completely,  add  40 
c.c.  of  cold  water  all  at  once  to  the  sulphuric  acid,  boil  several 
minutes,  and  cool  to  about  50°  C.  Allow  the  lead  sulphate  to 
settle  and  decant  the  clear  liquid  through  a  hard  filter  paper.  Put 
10  c.c.  more  strong  sulphuric  acid  on  the  lead  sulphate  in  the  flask, 
heat  at  boihng  point  for  15  minutes,  cool,  add  30  c.c.  of  water, 
boil,  cool,  and  again  decant  liquid  through  the  same  paper  as 
before.  Rinse  the  lead  sulphate  precipitate  on  to  the  paper. 
Wash  well  about  five  times  with  small  amounts  of  cold  water. 
Retain  the  filtrate  for  antimony,  etc. 

Lead. — Dissolve  the  lead  sulphate  ofif  the  filter  into  a  clean 
flask  with  a  strong  boiling  ammonium  acetate  solution. 

Dilute  the  resulting  lead  acetate  solution  to  about  300  c.c, 
boil  and  titrate  (boiling)  with  standard  ammonium  molybdate 
solution.  Ammonium  molybdate,  8.6  grams  per  litre,  is  stan- 
dardised on  pure  lead  sulphate  dissolved  in  ammonium  acetate 
as  above  until  i  c.c.  of  ammonium  molybdate  solution  precipitates 
0010  gram  lead  (lead  sulphate  contains  68.29  per  cent.  lead). 

A  solution  of  tannin  in  water  is  used  as  outside  indicator 
on  a  porcelain  tile  in  titration. 

Antimony.- — Heat  the  filtrate  from  the  lead  sulphate — which 
should  not  exceed  150  c.c.  in  volume — to  60°  C.  and  titrate  with 
standard  potassium  permanganate.  Run  in  the  permanganate 
until  the  pink  colour  does  not   fade  but  remains  deep. 

Agitate  the  solution  a  minute,  and  then  titrate  the  excess 
permanganate  by  standard  ferrous  sulphate  or  ferrous  ammonium 
sulphate  solution. 
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The  ])erniaiiganatc  should  he  standardised  against  pure 
antinionv  treated  in  the  same  way  as  the  sample.  The  iron  value 
of  the  permanganate  used,  minus  the  iron  value  of  the  ferrous 
sulphate  used,  multiplied  hy  1.076.  theoretically  gives  the  anti- 
mom,  i.e.,  if  I  c.c.  of  the  permanganate  is  made  etiuivalent  to 
o.oi  gram  Fe.  then  i  c.c.  is  also  ecpiivalent  to  0.01076  gram 
antimony.     The  end-point  is  sharp  and  results  exact. 

Potassium  permanganate  5.64  grams  per  litre,  i  c.c.  =  o.oi 
gram  Fe ;  ferrous  ammoniutn  sulphate  70.00  grams  per 
litre.  I  c.c.  ^  O.OI  gram  Fe. 

Therefore  i  c.c.  of  either  solution  =0.01076  gram  Sb. 

Copper. — To  the  solution,  after  titration  of  the  antimony 
add  3  grams  of  tartaric  acid  and  then  ammonia  until  slightly 
alkaline,  acidify  with  2  c.c.  sulphuric  acid,  and  heat  nearly  to 
boiling.  Add  2  grams  sodium  sulphite,  and  when  dissolved  add 
a  solution  of  i  gram  potassium  thiocyanate  in  10  c.c.  water; 
stir  well,  and  stand  in  a  warm  place  15  minutes  to  settle.  Filter 
off  the  precipitatetl  CuCNS  and  wash  the  precipitate  well  with 
hot  water,  then  dissolve  it  off  the  filter  paper  with  hot  dilute 
nitric  acid. 

Heat  the  solution  until  entirely  oxidised  and  free  from 
nitrous  fumes.  This  copper  solution  may  then  be  made  slightly 
ammoniacal,  and  titrated  with  standard  potassium  cyanide 
solution,  or  neutralised  with  sodium  carbonate,  acidified  with 
acetic  acid,  and  titrated  with  standard  sodunn  thiosulphate  after 
addition  of  potassium  iodide  and  starch. 

Tin. — At  the  same  time  as  the  above  analysis  is  being  made, 
carry  through  another  portion  of  the  sample  on  to  the  antimony 
titration,  thus  getting  checks  on  the  lead  and  antimony  results. 

Then  add  to  the  solution  one-third  of  its  volume  of  strong 
hydrochloric  acid,  and  transfer  the  solution  to  a  500  c.c.  fiask. 

If  the  metal  contains  no  antimony,  it  is  advisable  to  add 
5  c.c.  of  sulphuric  acid  in  which  0.15  gram  of  antimony  is 
dissolved. 

Heat  the  solution  to  boiling  and  reduce  for  about  40  minutes 
with  a  nickel  or  iron  coil. 

Cool  rapidly  under  a  jet  of  water,  keeping  an  atmosphere  of 
carbon  dioxide  ir  the  flask  by  addition  of  small  pieces  of 
marble. 
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Remove  the  iron  or  nickel  coil  when  cold,  add  4-5  ex.  of 
starch  solution,  and  titrate  the  tin  with  standard  iodine  solution. 
The  blue  end-point  fades  after  about  a  minute,  but  is  very  sharp 
at  first. 

Standard  iodine  is  made  by  dissolving  9.7  grams  iodine  and 
14  grams  potassium  iodide  in  a  very  small  amount  of  water  and 
then  diluting  to  i  litre. 

This  is  standardised  against  pure  tin,  dissolved  in  hydro- 
chloric acid,  and  reduced  as  above. 

I  c.c.  of  this  standard  iodine  should  equal  approximately 
0005  gram  tin. 
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CHAPTER  XIV. 

ASSAY    OF    BASE    METAL    ORES. 

Arsenic. 

Occurrence. — In  the  form  of  arsenical  pyrites  or  mispickel, 
FeAsS.  Arsenic  is  very  commonly  associated  with  both  base  and 
precious  metal  ores.  Its  fre(|uent  {presence  in  commercial  zinc 
and  other  metals,  and  also  in  sulphuric  acid  made  from  pyrites, 
is  due  to  this  fact. 

Other  common  arsenical  ores  are  the  sulphides,  realgar 
(AsjS,)  and  orpiment  (AsoS,).  Smaltine  is  a  nickel  cobalt 
arsenide,    (Co,Ni,Fe) As,. 

General. — The  arsenic  may  be  estimated  gravimetrically  or 
volumetrically.  The  chief  problem  is  the  separation  of  the 
arsenic  from  the  other  constituents  of  the  ore.  In  the  detailed 
instructions  given  below  separation  of  the  arsenic  by  ordinary 
analytical  methods  is  given  for  the  gravimetric  method,  while  a 
quick  separation  depending  on  the  distillation  of  the  volatile 
trichloride  is  given  for  the  volumetric  estimation.  The  distilla- 
tion method  can  be  also  used  as  a  method  of  separation  for 
estimating  gravimetrically. 

Decomposition  of  the  ores  can  frequently  be  effected  by 
treatment  with  HCl  and  potassium  chlorate,  the  latter  added  a 
little  at  a  time.  If  the  acid  treatment  is  insufficient,  fusion  with 
sodium  carbonate  and  nitre  may  be  used.  Care  is  required  to 
avoid  mechanical  loss  through  spitting,  consequently  only  the 
part  undissolved  by  the  acid  should  be  subjected  to  fusion,  since 
larger  quantities  are  unmanageable. 

Gravimetric  Determination — Magnesium  Pyroarsenate 
Method. — Decompose  ^  to  i  gram  of  the  finely  powdered  sample 
with  HCl  and  potassium  chlorate  or  with  nitric  acid.  Evaporate 
to  dryness,  and  treat  the  residue  with  dilute  nitric  acid,  warm 
and  filter  off  silica  and  insolubles.  Make  the  solution  distinctly 
alkaline  with  caustic  soda,  and  saturate  with  US;  sul])hidcs  of 
Cu,  Pb,  and  Bi,  if  these  metals  are  present,  will  be  jirecipitated. 
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Filter,  if  necessary.  Acidify  the  filtrate  with  HCl,  and  pass  in 
more  H2S  till  all  the  arsenic  is  precipitated  as  sulphide ;  this 
may  require  a  considerable  time,  since  the  arsenic  is  in  the 
pentavalent  condition. 

If  antimony  is  present  it  will  be  precipitated  with  the 
arsenic ;  it  may  be  removed  by  treatment  of  the  precipitate  with 
hot  HCl  of  abouti.13  specific  gravity,  in  which  the  former  only 
is  soluble.  Wash  the  arsenic  sulphide  into  a  beaker,  add  10 
c.c.  of  nitric  acid,  and  evaporate  to  small  bulk.  The  arsenic  will 
now  be  in  solution  as  arsenic  acid  ;  any  sulphur  which  separates 
should  be  filtered  off.  To  the  solution  add  25  c.c.  of  strong 
ammonia  and  25  c.c.  "  magnesia  mixture,"  stir  and  allow  to  stand 
overnight.  Filter  and  wash  the  precipitate  with  dilute  ammonia, 
dry  at  no",  and  ignite  the  paper  separately  after  detaching  the 
bulk  of  the  dry  precipitate.  Finally  add  the  precipitate  to  the 
ash  of  the  paper,  and  ignite  in  the  muffle.  \\'eigh  as  Mg-^As^O^, 
containing  48.3  per  cent,  of  arsenic. 

Vohimctric  Estimation. — The  arsenic  is  distilled  off  as  AsClj, 
and  the  distillate  is  titrated  in  alkaline  solution  with  iodine. 

Decompose  ^  to  i  gram  of  the  sample  with  nitric  acid. 
Heat  to  white  fumes  with  sulphuric  acid  to  remove  excess  of 
nitric  acid. 

Transfer  the  resulting  liquid  to  a  distillation  flask  fitted  with 
a  short  Liebig's  condenser.  Add  about  10  grams  ferrous  sulphate 
and  200  c.c.  concentrated  HCl,  and  distil  ^ill  the  contents  of  the 
distillation  flask  are  reduced  to  about  half  the  original  bulk. 

To  the  distillate  add  a  drop  of  phenolphthalein  and  neutralise 
with  a  strong  solution  of  caustic  soda;  then  just  reacidify  with 
HCl.  Pour  the  liquid  into  a  flask  containing  about  3 
grams  of  sodium  bicarbonate  dissolved  in  150  c.c.  of  water 
and  titrate  with  N/io  iodine. 

From  the  equation — 

AS2O3  +  4I  +  2H2O  =  AS2O5  +  4HI 

I  c.c.  N/io  iodine  =  0.0x3375  gram  arsenic. 

Antimony. 

General. — Antimony  generally  occurs  as  the  sulphide  stibnite 
(SbjSa)  ;  it  also  occurs  in  oxidised  forms  and  as  a  constituent  in 
complex  silver  ores,  etc. 
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Antimony  in  tlic  trivalent  state  can  be  qiiantuatively  oxidised 
by  iodine  to  antimonic  acid  in  faintly  alkaline  solution. 

I   c.c.   N/io  iodine  =  0.006  gram  antimony. 

The  sulphide  is  soluble  in  fairly  strong  acid  HCl. 

Sb.Sa  4-  6HC1  =  2SbCl3  +  3H,S. 

In  diluting  the  solution,  all  the  H.S  must  be  boiled  oflf. 
otherwise  reprecipitation  of  sulphide  will  occur.  Further, 
antimony  trichloride  gives  white  antimony  o.xychlori.Ic  on  dilution 
with  water. 

SbClj  +  H,0  =  SbOCl  +  2HCI. 

In  order  to  prevent  this,  tartaric  acid  is  added  before  dilu- 
tion, forming  soluble  antimonyl  tartrate. 

If  iron  is  present,  which  is  usually  the  case  with  ores,  the 
antimony  must  be  precipitated  as  sulphide  and  filtered  from  the 
iron  remaining  in  solution  and  re-dissolved. 

Details. — For  fairly  pure  ores  take  J^  gram,  for  low-grade 
ores  take  i  gram  of  the  finely  powdered  sample.  Decompose 
with  concentrated  HCl  on  a  hot  plate,  add  2-3  grams  tartaric 
acid,  dilute  and  pass  in  H.,S  to  the  warm  solution  for  fully 
fifteen  minutes.  Filter  and  wash.  Wash  the  precipitate  into  a 
beaker  by  means  of  a  jet  of  hot  HCl  (1:1)  from  a  wash-bottle, 
add  more  acid  if  necessary,  and  heat  on  the  hot  plate  till  all  the 
antimony  is  again  in  solution  and  all  the  H^S  removed.  Add 
2-3  grams  of  tartaric  acid  and  dilute  to  100  c.c.  Add  a  drop  of 
phenolphthalein,  and  make  just  alkaline  with  caustic  soda.  Just 
reacidify  with  HCl  and  pour  the  liquid  into  a  flask  containing 
about  3  grams  of  sodium  bicarbonate  dissolved  in  150  c.c.  of 
water,  and  titrate  with  iodine,  using  starch  indicator. 

Note. — Any  arsenic  which  may  have  been  precipitated  by 
HoS  along  with  the  antimony  sulphide  will  remain  undissolved 
in  the  subsequent  treatment  with  HCl.  li  present,  it  should  be 
filtered  oflF. 

Sodium  bicarbonate  must  be  used  as  the  alkali  present 
during  titration,  since  sodium  carbonate  or  caustic  soda  would 
react  with  the  iodine.  It  is  better  to  nearly  neutralise  witii 
caustic  soda,  however,  since  a  very  large  quantity  of  the  bicar- 
bonate would  be  required. 
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Oxidised  ores,  if  insoluble  in  HCl  alone,  may  generally  be 
decomposed  by  adding  a  few  crystals  of  potassium  iodide  along 
with  the  HCl.  The  insoluble  higher  oxides  are  thus  reduced  to 
the  trioxide,  which  is  soluble. 

Sb^O,  +  4HCI  +  4KI  =  Sb.Og  +  4KCI  +  4I  +  2H,0. 

Estimation  of  Sulphur  in  Pyrites. 

The  sulphur  is  oxidised  to  sulphuric  acid  or  a  soluble 
sulphate.  Silica  and  insolubles  are  removed  by  filtration,  and 
the  sulphate  precipitated  by  barium  chloride. 

Cover  y2  to  I  gram  of  the  finely  powdered  sample  with  20 
c.c.  of  concentrated  HNO3  and  heat  on  a  hot  plate. 

During  decomposition  add  J^  gram  of  potassium  chlorate 
little  by  little.     Evaporate  to  dryness  and  bake  for  ten  minutes. 

Moisten  the  residue  with  HCl,  dilute  with  hot  distilled 
water,  boil  and  filter.  To  the  hot  filtrate  add  sufficient  hot 
barium  chloride  solution  to  precipitate  all  the  sulphate,  avoiding 
great  excess. 

Boil  the  liquid  for  a  few  minutes,  settle  and  filter.  Wash 
the  residue  on  the  filter  till  the  washings  are  free  from  chloride ; 
drain  thoroughly  and  ignite  in  the  muffle.  Cool  and  weigh  as 
EaS04,  containing  13.7  per  cent,  of  sulphur. 

Molybdenum. 

Occurrence. — Molybdenite  (M0S2),  wulfenite  (PbMo04), 
molybdic  ochre. 

Detection. — The  sulphide  occurs  as  a  soft  flaky  mineral 
which  marks  paper  like  graphite,  but  has  a  brighter  metallic 
lustre.  On  heating  a  little  on  a  crucible  lid  a  smell  of  burning 
sulphur  is  obtained. 

Mere  traces  of  molybdenum  compounds  can  be  detected  by 
evaporating  in  a  porcelain  dish  with  concentrated  H2SO4.  The 
residue  is  coloured  an  intense  blue  on  exposure  to  damp  air. 
As  this  test  depends  on  accidental*  reduction  of  the  Mo,  a  negative 
result  is  not  conclusive. 


*  Unless  sulphur  is  present. 
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From  acid  solutions  H,S  precipitates  the  brown  trisulphide 
soluble  in  ammonium  sulphide ;  when  molybdate  solutions  are 
added  to  solution  of  a  little  j)hosphatc  strongly  acidified  with 
nitric  acid,  a  typical  yellow  precipitate  is  obtained  on  warming. 

Estimation. — The  ore  may  be  decomposed  by  fusing  with 
sodium  carbonate.  Leach  out  the  melt  with  distilled  water,  and 
filter  to  remove  ferric  hydroxide,  .\cidify  the  filtrate  with  }{C\, 
using  sufficient  acid  to  redissolve  any  precipitate  of  molybdic 
acid.  To  this  solution  add  excess  of  lead  acetate  solution,  and 
then  sufficient  ammonium  acetate  to  destroy  the  free  hydro- 
chloric acid ;  heat  to  boiling,  settle,  filter,  wash  with  hot  water, 
dry,  ignite  and  weigh  as  lead  molybdate  containing  26.16  per 
cent,  molybdenum. 

Note. — If  tungsten  is  present  in  the  original  solution,  it 
will  be  precipitated  as  lead  tungstate  with  the  molybdenum.  In 
this  case,  after  weighing  the  combined  lead  precipitates,  dissolve 
in  HCl,  add  a  few  drops  of  HNO3,  and  evaporate  nearly  to 
dryness.  Add  100-200  c.c.  dilute  HCl  ('1-4),  boil,  and  filter  off 
the  tungstic  oxide. 

In  the  filtrate  reprecipitate  the  molybdenum  with  ammonium 
acetate,  and  proceed  as  before,  weighing  as  lead  molybdate. 

Detection  and  Estimation  of  Tungsten  in  Ores. 

Occurrence. — The  chief  ores  of  tungsten  are :  Wolframite, 
a  tungstate  of  iron  and  manganese  (FeMn)W04,  scheelite 
(CaWOJ. 

Qualitative  Tests. — The  alkali  tungstates  are  soluble  in 
water,  and  on  acidifying  the  solution  with  HCl  a  white  pre- 
cipitate of  the  hydroxide  (H2WO4)  is  obtained.  On  boiling  this 
turns  yellow  (WO3).     The  yellow  oxide  is  soluble  in  ammonia. 

Tungstic  oxide  is  slightly  soluble  in  hot  concentrated  HCl, 
and  if  the  acid  solution  is  reduced  with  stannous  chloride  or 
metallic  zinc  typical  blue-coloured  compounds  (WO;,  -j-  WO,) 
are  obtained  (vide  volumetric  assay  of  tin). 

Estimation  in  Ores. — Treat  a  J/2  to  i  gram  of  the  finely 
powdered  sample  with  a  mixture  of  hydrofluoric  and  hydro- 
chloric acids  in  a  platinum  dish,  heating  on  the  water  bath  till 
decomposition  is  complete.     Transfer  to  a  flask,  add  more  HCl 
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and  some  HNO3,  and  boil  down  to  about  10  c.c. ;  dilute,  warm 
and  filter.  Redissolve  the  precipitate  on  the  paper  with 
ammonia,  and  reprecipitate  the  tungstic  acid  by  acidifying  the 
solution  with  HCl.     Boil,    filter,  ignite  and  weigh  as  WO3. 

Instead  of  precipitating  as  tungstic  oxide,  the  tungsten  may 
be  precipitated  as  mercurous  tungstate  by  mercurous  nitrate.  On 
careful  ignition  of  the  dried  precipitate,  WO3  is  obtained, 
mercury  and  oxygen  being  driven  off. 

The  frequently  recommended  method  of  dissolving  the 
tungstic  oxide  from  silica  residues  with  ammonia  is  unreliable, 
since  silica  also  is  dissolved.  In  such  cases  the  silica  should 
be  removed  first  by  treatment  with  hydrofluoric  acid. 
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PLATE   X. 

(Relative  to  Plate  HI,   I'igs.    r   and  2) 
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PLATE  XI. 

(Relative  tn   Plate   III,   Fis-   2.) 
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PLATE   XII. 

(  Rtl.itivr  t'>  Chap.    III.    l-'i^s.   .1  aiul  4.) 
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PLATE   XIII. 
(Relative  to  Plate  HI.  I-'igs.  2,  5  anri  6. 1 


179 
PLATE   XIV. 

AS   11A30RATI011   OP  THB  DOTBLB  COPPSR   STAIH. 
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The  omission  of  one  heavy  copper  from  each  tray  is  sufficient  to 
mark  that  tray  unmistakably  and  to  render  it  distinguishable  from  all 
the  others.  Thus  in  Xo.  i  tray  the  copper  from  No.  i  cupel  is  absent; 
in  No.  16  tray  the  copper  is  missing  in  the  i6th  cupel,  and  so  with  all. 

Further,  each  batch  of  four  trays  is  marked  separately,  and  the 
order  of  each  tray  in  its  batch  is  defined  by  the  absence  of  the  stain; 
thus,  No.  17  tray  lieing  the  first  of  the  fifth  batch,  the  first  copper  of 
the  fifth  row  is  missing,  and  so  on  throughout  the  batch. 

Should  it  be  necessary  to  carry  the  system  further,  a  second  series 
of  six  batches  could  be  marked  by  substituting  the  missing  coppers  for 
light  coppers,  thus  allowing  of  1,152  fusions  being  conducted  without  fear 
of  confusion. 

Stock   Flux   for  Routine  Work   and   Sketch   and  Description   of 
Flux  Barrel. 
Rand  ores  and   the  different  kinds   of  pulp  produced    from  them   in 
the  various  processes  of  ore  dressing  differ  so  little  in  composition  that 
a  standard  flux  may  be  employed  in  the  assay  of  all. 
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i  he    Inllowiii)^   twi)   thixis   an    rtiirfsiiit.iti\f   of  average    Raiul   assay 
practice:— 

A.  B. 

Sodium   Carbonate 50       Sodium    Carbonate 50 

Litharge 30       Litharge 30 

Fused  Borax 20       I'hiorspar 20 

"A"   is   used   by   assayers    who   prefer   borax. 

"  B,"    Fluorspar    is    sul)stituted    chieMy    on    account    of    economy. 
Some  assayers  prefer  to  sulistitutc  fluorspar   for  borax   partially,   the 
usual    proportion — when    this    is   done — being   half   and    half. 
Below  is  slu)wn   a  photograph   of  a   barrel  : — 

STOCK    FLC.X    MIXING    BARRKL. 

PLATE   XV. 


It  is  unnecessary  to  give  details  of  the  interior  construction  of 
the  barrel.  Xo  baffles  are  required,  as  the  octagonal  shape  effects  a 
thorough  mixing  of  the  Hux  after  the  handle  has  been  turned  and 
the  barrel   revolved   for  a   few  minutes. 

The  position  shown  in  the  photo  is  that  used  for  tilling  purposes ; 
when  flux  is  required  the  barrel  is  inverted  and  the  hopper  door  opened. 
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PLATE   XVI. 
Fic.   I. 


Fig.  2. 
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PLATK   XVII 

Fic,    I. 


Fic. 


>^~ 


\f^.. 
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PLATE  XVIII. 
Fig.  I. 


I  Sec    pat;c    _'4.  ) 


A   convenient   arrangement   of  muffles,   baffles,   supports   and   tiue    for 
the  "  Rival  "  furnace  is  shown  below  : — 

Fig.  2. 

"rival"    muffles.     FUf^NACE 

Plan. 


This  gives  a  uniform  heat  in  all  three  muffles  when  a  long-flan:e 
smelting  coal  is  used;  the  heat  is  also  practically  equal  both  at  the  back 
and  at  the  front  of  the  muffle. 

A,  B,  and  C,  muffles ;  D,  a  fire-clay  block  cut  from  a  slab — the 
dimensions  are  9  inches  high  X  4  X  6  inches ;  E,  block  9  X  n  X  6  inches ; 
F,  fire  bars. 
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The  dotted  lines  on  the  muffles  show  the  varying  sizes  of  muflle 
supports,  and  the  dotted  lines  drawn  diagonally  from  the  mouths  of 
the  muffles  represent  the  working  space  in  front. 

Cupels. 

During  the  removal  of  the  cupels  from  the  muffle  care  must  be 
taken  to  avoid  canting,  otherwise  a  large  bead  may  roll  out  of  the 
cupel   unnoticed  and  give  rise  to  an  incorrect   report. 

Meclianical  devices  for  handling  large  quantities  of  cupels  and  lead 
buttons  are  shown   in  the  pliotograph  on  the  opposite  page. 

The  work  done  with  this  combination  of  appliances  is  practically 
instantaneous,  avoids  fatigue,  prevents  displacements,  obviates  dangerous 
canting,  and  may  be  said  to  be  "  fool-proof.'' 

A  shows  a  five-pronged  fork  in  the  position  in  which  it  is  held  just 
before  being  thrust  under  the  cupels  to  pick  them  up. 

B  shows  a  batch  of  24  cupels  with  tlie  fork  in  position  for  (i) 
picking  up  its  charge  from  a  tray,  and  (ii)  for  depositing  it  in  the 
muffle,  (iii)  for  removing  from  the  muffle,  and  (iv)  for  replacing  the 
cupels  after  cupellation  on  the  tray.  The  tray  is  made  from  ^-inch 
mild  steel  plate,  is  Hat-bottomed,  and  has  a  rim  projecting  \  inch  upwards 
on  the  three  sides  other  than  that  on  which  the  handle  is.  The  fork, 
which,  for  demonstration  purposes,  appears  lying  under  the  cupels,  is 
not  allowed  to  remain  in  contact  with  the  hot  cupels  for  longer  than  is 
necessary,  and  is  immersed  in  cold  water  immediately  after  withdrawnl. 
The  prongs  on  the  fork  are  longer  than  is  necessary  for  holding  the 
cupels ;  this  is  to  ensure  that  the  cupels  are  not  placed  close  up  against 
the  back  of  the  muffle. 

The  stops  at  the  front  oi  the  transferer  also  prevent  its  reaching 
the  back  of  the  muffle,  and  ensure  that  each  button  exactly  overlies 
its  respective  cupel. 

C  shows  the  transferer  charged  with  24  buttons  ready  for  placing 
simultaneously  in  the  cupels  allotted  to  them,  the  latter  being  already  m 
the   muffle   and   at   the   correct   working   temperature. 

The  fork  having  already  placed  the  cupels  in  the  correct  position 
to  suit  the  transferer,  it  only  remains  to  push  the  latter  sleigh  fashion 
until  the  projecting  stops  touch  the  back  of  the  muffle  for  each  square 
to    be    e.xactly    in    position   over    the   cupel. 

The  withdrawal  of  the  false  bottom  immediately  charges  each  cupel 
automatically  with  its  button ;  the  transferer  is  at  once  withdrawn,  and, 
since  it  has  not  been  in  the  hot  muffle  more  than  four  or  five  seconds, 
no  appreciable  heating  up  occurs,  and  no  deterioration  is  apparent  after 
long    use. 

When  charging  the  transferer  each  button,  when  hammered,  is 
placed  directly  on  its  appointed  square  so  that  double  handling  is 
obviated,  the   transferer  taking  the   place   of  an   ordinary  cupel   tray. 
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Use  of  Double  Kideks. 

Two  5-milIigram  riders  may  be  used  to  advantage  on   the  beam  of 
the  balance. 

PLATE    XX. 


U5t      OF     DOUBLE      Rif»eRS> 


A  -• 


--R 


A'-     ^B' 


and  the  above  method  of  handling  riders  on  the  beam  of  the  12a 
Oertling  may  be  conveniently  used  for  the  speedy  weighing  of  mine 
samples. 

A  represents  a  5  mgm.  rider,  bent  at  the  neck  slightly  towards  the 
left,  and   is  used   for   weighing  only. 

B  represents  a  5  mgm.  rider,  bent  at  the  neck  slightly  towards 
the  right,  and  used  only  for  imparting  to  the  beam  the  required  swing. 
When  the  riders  are  bent  in  this  way  the  carrier  readily  picks  them  up 
singly  or  together,  and  can,  with  equal  facility,  deposit  one  or  both  en 
the  beam. 

For  example,  a  prill  equivalent  to  50  dwts.  Tone  A.T.  basis).  "A" 
is  placed  at  50  and  the  auxiliary  rider  "  B  ' — if  allowed  to  remain  on 
the  beam  in  the  position  shown  for  about  one  quarter  of  a  second 
after  turning  the  release  lever — will  cause  the  needle  to  indicate  about 
six  divisions  on  the  scale;  this  is  probably  the  swing  which  is  best 
suited  to  this  balance. 

A'  and  B'  are  the  same  two  riders  moved  further  along  the  beam; 
they  may  be  used  together  in  this  way  for  the  rapid  weighing  of 
mine  samples  between  95   and    180  dwts. 

The  position  of  the   two  in  the  sketch  is  =  90  X  2  or   180  dwts. 


Coal  Flrn.xces. 

Coal  furnaces  have  practically  superseded  the  coke  type  in  Rand 
routine  assay  offices,  chiefly  for  reasons  of  economy,  and  it  is  admitted 
that  when  viewed  purely  from  this  aspect  the  change  has  justified 
itself;  it  may,  however,  be  said  that,  when  absolute  accuracy  is  essential, 
such  as  is  the  case  in  checking  work,  the  Cornish  coke  wind  furnace 
is    preferable. 

The  types  of  coal  furnaces  in  use  on  the  Witwatersrand  are  three 
in  number,  and  are  alluded  to  below  in  the  order  in  which  they  were 
introduced,    viz. ; — 

The   "  Tennant  "   Furnace, 
The  "  Rival  "   Furnace,   and 
The   "  Rusden  "   Furnace. 


R  /  VA  L  fnettt  «roc k 


Brikk  sOcK 


•6  )b  r«il  t>oir»4 


mauld  atknj. 
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PLATE  XXI. 


Front    elevation. 


'"'    FURNACe 


Kintx  reprcscnt- 
'"..fflc  ablunjd, 
a^  back  ,  Win  d  fanar 
^♦j^fc.- . _- 


-g-'  S>t«rasb€sfos  nextro  brtrkwork  and  '/-J^'mild  Strf  t  plate 
:  cl«mp«d  fb asbestos    bi^   ralJs;  no  br-icK  w*"*!*  ts  visible. 


.\  rouKh  sketch  of  the  "  Rival  ''  is  shown  above,  and  on  page  187 
a  sketch  showing  a  useful  arrangement  of  muffles,  etc.,  for  the  "Rival" 
is  given. 

The  fact  that  with  the  "  Tennant "  or  the  "  Rival "  furnaces  the 
operator  is  obliged,  when  wishing  to  e.xamine  any  fusion,  to  remove  the 
crucible  from  the  furnace,  is  a  drawback  which  must  not  be  overlooked; 
the  usual  procedure,  however,  is  either  to  pour  after  a  fixed  time,  or  to 
judge  of  the  completion  of  the  fusion  by  listening  at  the  open  furnace 
door;  of  the  two  procedures  the  former  is  to  be  recommended. 

The  "Rusden"  Furnace  is  preferred  by  many  assayers  for  the 
reasons  that  the  crucibles  are  easy  of  access,  can  be  more  readily 
e.xamined  durini^  fusion,  and  that  the  heat  control  is  superior  to  that  of 
either  of  the  former;  against  this  it  may  be  said  that  the  initial  cost 
of  building  the  "  Rusden  "  is  greater  than  that  of  others,  owing  to  the 
more  complicated  tlue  system  and  to  the  necessity  of  using  a  forced 
draught. 
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Views  ok  Moon,  ok  Rusdkn  Furnack. 
PLATI-:   XXII. 


■ 


Key  to  the  "  Rusden  "  F'urnace. 

Fig.  I. 

Front  View. 

A,  Arch  over  hearth  and  support  for  rails  (shown  in  Fig.  3)  ;  B,  sliding 
cover  shown  open;  C,  one  of  the  three  rails  between  which  the 
covers  slide ;  D,  inuffi°s  shown  open ;  E,  muffle  closed ;  F,  stills  for 
distilling   water. 
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Fig.  2. 
Back   View. 


SACK 


gp[Q^fQ2V 
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Fig.  3. 
Interior. 


HE      RUSOCn' COAL      FURN> 


G  and  L,  Main  flues  to  muffles;  11,  tire-bars;  H',  fire-bars  removed 
and  showing  supports;  I  and  P,  flues  through  which  gases  from 
hearths  pass  to  muffles  on  left  and  right  respectively;  J  and  J.  mam 
flues  to  reverberatory  hearths:  the  gases  dividing  right  and  left  to 
escape  at  I  and  P  as  auxiliary  muffle  heat;  K  and  K,  muffle  baffles; 
M  and  M,  flues  to  stack ;  X,  level  of  hearth  floors ;  Q,  muffle  support, 
muffle  shown  in  section;   S,  arch  and  support  for  fire-bars. 
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PLATE  XXIII. 

Unmistakf.ablf.   Weights. 


Useful   Weights. 

.\  represents  "  skeleton  weights ''  made  from  20-g:augc  silver  and 
afterwards   rolled   flat. 

B   represents  a   five   assay  ton   weight   made  from    i-inch  copper. 

C  represents  weights  cut  from  g^'inc^i  sheet  silver,  or  from  i8- 
gauge   silver    wire. 

Ingot  weights,  i  to  5  ounces  weight,  may  be  made  from  I -inch  copper 
similarly  to  B. 

O.I  to  0.5  from  i-inch  brass,  and  figures  representing  the  second 
decimal  places  of  an  ounce,  may  be  made  from  |-inch  sheet  aluminium. 

These  weights  being  themselves  in  the  form  of  figures,  it  is 
impossible  to  make  an  error  through  misreading. 

Figures  representing  weights  may  usefully  be  adopted  for  special 
work,  e.g.,  occasionally  during  the  final  weighing  of  mine  samples  it 
becomes  necessary  to  employ  weights  in  the  pan ;  e.g.,  it  is  usual  to  take 
the  10  (where  1,000=  J  gram)  for  100  dwts.  and  over,  20  for  200  dwts. 
and  over,  and  so  on.  When  constantly  using  these  weights  from  the 
box  there  is  a  danger  of  gradually  wearing  them  down  until  they  become 
useless,  and,  in  order  to  combat  this  tendency,  substitute  weights  for 
this  work  may  be  readily  made  in  a  few  minutes  by  cutting  lengths 
from  26-gauge  silver  wire  and  forming  them  into  the  figures  which  they 
represent,    thus : 

1  =  100  dwts.  in  the  pan  on  a  i   A.T.  basis. 

2  =  200      „  „  „ 

3  =  300      .. 

and    so    on    up    to    500    if    necessary.     There    is    no    need    to    flatten    the 
weights  thus  made. 
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PLATE   XXIV. 
SLI.MI*:  OK  SCKKI-X   SAMIM,K  I'Ri:SS. 


Manipulation. 

Unscrew  the  four  bolts,  remove  D  and  insertion,  transfer  sample 
to  A,  and,  having  washed  everj'  particle  of  the  sample  into  A,  replace 
the  insertion  washer,  screw  down  D,  place  the  bucket  J  in  position,  !et 
the  compressed  air  on  full  ("pressure  should  be  between  80  and  100 
lbs.  per  square  inch)  ;  after  about  three  minutes,  and  when  the  water 
has  ceased  to  drip,  place  F  in  position,  shut  off  the  air,  unscrew,  remove 
D  and  insertion  (the  valve  and  hose  remain  fastened  to  D),  pull  the 
bottom  of  the  press  towards  you  until  it  rests  at  a  convenient  angle 
over  F,  scrape  down  most  of  the  sample  into  F  with  a  steel  spatula, 
and  remove  the  remainder  of  the  sample  from  the  interior  of  A  by 
washing  with  an  ordinary  garden  spray  syringe;  this  leaves  about  200 
c.c.  of  water  in  the  drying  dish;  allow  this  to  settle  for  five  minutes, 
draw  off  with  a  pipette,  and  remove  the  dish  to  the  hot  plate. 

Pressing  saves  about  one  hour  on  an  average-sized  sample.  This 
press  is   particularly  useful   for  treating  large   screen   samples    rapidly. 
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Sample   Presses. 


These  two   improved  sample  presses  are  each   made   in   three  parts. 

They  are  easily  and  \ery  quickly  dismantled  and  cleaned,  and  for 
that  reason  are  ideal  for  slime  residue  work,  since  there  is  little  fear 
of  contamination  taking  place. 

With  two  of  these  machines  it  is  possible  to  express  at  least  six 
samples  in  half  an  hour. 


3?i»c 


^:if-- 
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PLATE  XXVI. 
Electrical  Drier. 


The  above  is  an  exceptionally  rapid  drier;  an  average-sized  pressed 
sample  containing  about  lo  per  cent,  moisture  is  dried  in  about  lO 
minutes. 

The  principal  reasons  for  this  extreme  rapidity  are  that  no  drying 
dishes  are  necessary,  as  the  sample  is  merely  spread  out  over  the  plate 
itself,  and  that,  although  the  heat  generated  electrically  is  not  excessive, 
the  heating  area  is  very  large  when  compared  v^^ith  other  types. 
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PLATE  XXVII. 
Anothf.r   Type. 


The  above  electrical  heaters  are  used  for  drying  large  quantities  of 
samples  simultaneously,  but  more  slowly  than  the  pair  of  driers  described 
on  the  preceding  page.. 

Two  heats  are  obtainable  on  each  plate  by  switching  in  outside 
resistances,  which  are  placed  behind  the  switch-board.  The  top  switches 
give  half  heat  and   the  lower  the   full   heat. 

The  pilot  globes  at  the  top  serve  to  warn  the  operator  should  the 
current  fail. 

The  wiring  is  so  arranged  that  any  number  of  the  plates  can  be 
used   at   a  time,   i.e.,   from   one   to   fourteen. 
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PLATE  XXVIII. 

DUST    CUPBOARD. 

eon  SIEVING  AND  MIXING  suRrAce  samplcs 


FROHT     ClEVATiON. 


SIDE    ELEV/ATiOM. 


MADE    FROM  i"    SEASONED  WOOD 
LIKJEO  WITH   ZINC    THROUCHOUT. 


♦_  _    18- _    _► 

t 

1 
1 

1 

1 

/ 

< 1    8* » 

B 

VbV 

i 

A  EXHAUST. 

B.  ^"     Pl^TE  GLASS. 

C  frame:   SUPPORTING    'B' 

0  FLOOR   OF    CUPBOARD. 

£  DOOR  SHOWN  OPEN. 

F  WINCES 


The  above  is  so  constructed  as  to  allow  of  the  free  use  of  the  arms 
during  sifting  and  mixing;  the  window  is  fixed  at  a  convenient  angle, 
so  that  the  operator  can  see  what  he  is  doing  when  standing  in  a 
natural  position. 

There   is  no   fear   of   inhaling   any   dust. 

The  cupboard  is  very  readily  cleaned,  as  every  part  of  the  interior 
is  easy  of  access  when  the  door  E  is  open. 
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PLATI-    XX[X. 


INDICATOR. 

ELEVATIOM    (i    SCALED 


The  al)ove  is  a  contrivance  which  obviates  the  necessity  of  giving 
verbal  instructions  to  the  assistant  in  charge  of  fusions  in  connection 
with  the  use  of  crucil)les  reserved   for  use  with  given  classes  of  samples. 

1"he    use    of   this    indicator    is    explained    l)clow : — 

Crucil)Ics  used    for   screen    may   be    marked  I 

„                   „         mill  pulp             do.  II 

„                  „         slime  charge       do.  Ill 

,,                  „         sand   residue       do.  IV 

„                  „         slime   residue     do.  V 

Red   oxide   of  iron   is   the   best   pigment    for   marking   crucibles. 

When  the  indicating  needles  are  set  in  the  positions  shown  above 
the  furnace,  the  assistant  knows  that  the  next  fusion  consists  of  15  charges, 
il.c  first  3  of  which  are  screen  samples,  that  there  are  no  mill  pulps,  two 
slime  charges,  no  sand  residues,  and  that  the  last  10  are  all  slime  residues; 
he  therefore  selects  the  correct  crucibles  for  the  work  in  hand.  (See  also 
page  187  ) 
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Sl-rface   Parting. 

Below  is  shown  a  neat  comliination  by  means  of  which  the  whole 
process  of  parting,  drying  and  annealing  may  be  performed  without 
necessitating  the  removal  of  the  samples  to  the  mufik-  for  annealing 
purposes : — 

PLATE   XXX. 

Fu;.   I. 


A,  Ammeter  to  indicate  5  amps ;  B,  switch  controlling  exhaust  fan ; 
C,  switch  controlling  current  for  heaters;  D,  sliding  out-side  resistance; 
E,  five-speed  fan  control. 

Fig  2. 

Plan. 


J      r 


^^ 


« 
I,  40  per  cent.*  HNOa;  2,  distilled  water;  3,  fume  fan 
5,  washer ;  6,  dish  ;  7.  parting ;  8,  drying,  etc. 

*  See  page  38. 


*  J   a  mtnf' 


4,  dish-holder ; 
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PLATE   XXXI. 


Copper  Sulphate  Mefhod 


m^LLtA  A.  4  A 


It  will  be  seen  at  A  that  the  lower  extremities  of  the  funnels 
enter  holes  which  are  drilled  in  a  3inch  leaden  pipe ;  though  apparently- 
horizontal,  the  pipe  dips  about  i  in  lo  towards  the  left  of  the  photo- 
graph and  delivers  into  a  large  glass  vessel. 

The  burette,  which  is  made  from  a  piece  of  g-inch  gauge  glass,  5 
feet  in  length,  and  with  a  capacity  of  about  250  c.c,  is  employed  in 
place    of    the    usual    measuring    flask    for    adding    the    precipitants. 

This   way   of   measuring   is   very   rapid   and   cflicient. 
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PLATE   XXXII. 


rerxss-^^-'.    rnfTwrr.  ----.-re -wAJU'iLk,jaL:::.^g<'  -y 


BULLION    SAMPLES 


STORAGE 


,  ®®  ©000  00(5^  e) 


©<S)(S)®.@®®©## 


Made    from  onc-sixtcenth   mild   steel   plate,   in    which   are   drilled    lOO 
eleven-sixteenth   inch   holes   to   take    too   Xo.   4   sewing   thimbles. 

The  tray  stands  on  three  legs  each  ij  inches  long. 

The  whole  may  he  black   stove   enamelled   with    four  coats. 

Cost  about  50s.  if  made  in   mine   shops. 
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PLATF.  XXXIII. 

CONVKNIFNT    CiEAR    FOR     BlLI.ION     AsSAV, 


A,  Forceps  for  handling  F  when  hot ;  B,  anvil  for  flattening  alloy 
button;  C,  specially  cleaned  hammer  for  flattening  alloy  button;  D, 
pliers  for  gripping  alloy  button  during  cleaning;  E,  hog-hair  brush  for 
cleaning  alloy  button;  F,  alloy  button  after  flattening  on  B  with  C: 
the  platinum  parting  apparatus  adjoins  this;  H,  porcelain  dish 
sometimes  used  for  annealing;  J,  implement  for  handling  H;  K,  rolls 
used  to  convert  F  to  L;  L,  ribbon  obtained  by  rolling  F;  M,  result  of 
rolling  L  into  the  form  of  a  cornet  after  having  been  annealed;  N, 
implement  for  handling  the  platinum  parting  apparatus ;  P,  aluminium 
dishes  for  drying  bullion  samples  after  cleaning ;  R,  cupel  tray  containing 
lead  cornets. 
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Ingot  Drying  and  Bullion   Parting. 

Gold  ingots  which  have  been  dipped  in  water  after  removal  from 
the  mould,  althougli  apparently  quite  dry,  sometimes  retain  more  than 
half  an  ounce  of  moisture  after  draining.  When  the  assayer  is  respon- 
sible for  the  weigliing  of  the  bars  it  is  his  duty  to  see  that  the  absorbed 
moisture  is  driven  off  by  means  of  heat ;  a  convenient  series  of  four 
electric  heaters  are  shown  below,  and  are  used  for  ingot  drying. 


PL.\TE  XXXIV. 
Fig.  I. 
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Fig.  2. 


INCOT   DRYING-. 


PLAN. 


»£K»t-^         J5l         A         J^  fi- 


BULLIOM  PARTING 


,^  »^a.^  fUht 


C     •    SUr  ftr    rttUU 


"  !i^(g)^^6>@@^@or "" 


ELfVATIOM. 


^i  f 


:3=t: 


I    r 


XIE 


"C^P" 


"S         vvith  four   obloon  hoVr^ 

ia<miin  "^^  s'ofttA (rcsisrooce  rape) 

f«nn«criiy    wi"-*    is    p. fi- 
ned   roftirse. 


As  will  be  seen,  the  heaters  are  also  used  in  the  parting  of  bullion. 

When  the  plugs  J  and  K  are  in  use  two-thirds  of  the  element  of 
I,  2  and  3  are  heated,  so  that  the  contents  of  the  beaker  shown  at  A, 
Fig.  I,  is  just  off  the  boil:  if,  however,  it  is  pushed  back  to  the  position 
occupied  by  the  beaker  at  C  the  acid  immediately  boils  briskly,  and  if 
further  still,  i.e..  to  the  position  occupied  by  the  beaker  at  E.  the  con- 
tents boil  gently. 

A,  weak*  acid  solution;  B,  platinum  parting  apparatus;  C,  strong 
acid  solution ;  D.  terminals ;  E,  distilled  water ;  F,  gold  ingot  being  dried. 

For  ingot  drying,  if  all  four  hot  plates  are  required,  the  plugs 
J,  K,  L  and  M  are  used,  which  gives  full  heat  on  all  four  plates. 

The  ingots  are  dry  after  remaining  on  the  hot  plate  for  half  an 
hour. 

When  all  4  plates  are  on  full,  1.440  watts  are  used,  and  the  heat 
attained  is  approximately  250°  C 

Pins  must  be  driven  in  at  an  angle  of  30  degrees  or  a  risk  of  a 
short  circuit  arises  through  contact  with  the  plate  at  the  bottom. 


*  See  Page  50. 
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CUPEL  MAKING. 

The  following  is  a  description  of  a  compressed-air  machine  for 
making  cupels  which  has  been  in  use,  with  great  success,  for  many 
years  on  some  of  the  mines  of  the  Witwatersrand. 

The  machine  stands  on  a  table  of  specially  solid  construction,  having 
a  surface  24  inches  X  24  inches,  on  which  lies  a  3-inch  base-plate  of 
polished  steel  of  the  same  dimensions. 

A  bridge,  made  of  iinch  iron  plate,  12  inches  X  12  inches  in  surface 
and  8  inches  in  height,  is  fixed  on  to  the  base-plate  by  bolts  passing 
right  down  through  the  table-top;  it  should  be  placed  somewhat  to  the 
rear,  in  order  to  leave  working  room  at  the  front  of  the  base-plate. 

A  steel  cylinder,  9  inches  in  diameter,  18  inches  in  height,  is  set 
vertically  on  the  bridge,  and  held  in  place  in  a  triangle  of  three  upright 
iron  rods,  which  are  bolted  to  the  bridge  at  the  lower  end,  and  which 
clamp  on  the  circular  top  of  the  cylinder  above. 

A  piston  of  \i  inches  diameter,  worked  by  compressed  air,  operates 
within  the  cylinder,  about  4^  inches  being  in  view  beneath  the  bridge. 
The  air  is  admitted  through  the  inlet-valve  of  a  two-way  stopcock  at 
the  top  of  the  cylinder,  and  forces  the  piston  down ;  when  the  outlet- 
valve  is  opened,  the  air  escapes  through  an  exhaust  pipe,  and  the  piston 
rises  to  its  original  position.  The  valves  are  opened  or  shut  by  the 
action  of  a  lever.  An  air-gauge  is  attached  to  indicate  the  pressure 
exerted. 

The  die  which  stamps  out  the  cupel  is  fixed  at  the  end  of  the  piston, 
the  die-stem  fitting  into  a  hole  in  the  piston-rod  and  being  held  there 
by  a  set-screw.  From  the  bottom  of  the  die  to  the  baseplate  is  3 
inches. 

The  mould  is  a  circular  block  of  metal  3}  inches  in  diameter,  set 
flush  with  the  base  plate,  and  exactly  centred  beneath  the  piston.  It  is 
hollowed  out  to  the  required  size  and  shape  of  cupel,  and  a  hole  is 
drilled  through  its  base  to  accommodate  the  stem  of  a  false  bottom,  a 
disc  of  metal  that  pushes  out  the  finished  cupel  by  the  action  of  a  rod 
affixed   beneath   the   table    and    operated    by   a    foot-lever. 

The  die,  the  mould,  and  the  false  bottom  are  all  removable  parts,  so 
that  any  size  (under  2J  inches  diameter)  or  shape  of  cupel  may  be  made 
by  this   machine.     The  blocks  and  dies  should  be  case-hardened. 

A  metal  leveller,  on  edge,  is  hinged  at  the  back  of  the  base  plate  so 
that  it  may  be  passed  to  and  fro  across  the  mould. 
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PLATE  XXXV. 

CoMI'RKSSF.I)     Air    Cl'PKL     M^'Xem 
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There  are  two  classes  of  cupel  made  on  the  mines  of  the  Wit- 
watersrand,  viz.:  (i)  A  cupel  made  entirely  of  a  magnesite  mixture,  and 
(ii)  a  combination  of  a  magnesite  mixture  surface  with  a  cement  body. 

The  method  of  operation  is  as  follows : — 

The  mixture  from  which  the  cupels  are  to  be  made  should  be  fine 
enough  to  pass  a  go-mesh  sieve,  and  the  amount  of  water  usually 
employed  is  about    lo  per  cent,   by   weight   of  the   material   taken. 

Care  must  be  exercised  to  ensure  the  thorough  mixing  of  the 
material  with  the  moisture  so  that  the  mass  is  perfectly  homogeneous. 

The  mould  is  filled  up  to  a  level  with  the  base  plate,  when  the 
scraper  attached  to  the  latter  is  drawn  across  to  remove  the  surplus 
material.  The  latter  procedure  is  sometimes  replaced  by  that  of  employ- 
ing a   measured  quantity   from   a   tin   of  known   capacity. 

The  air  valve  is  opened,  the  piston  descends  and  firmly  presses  the 
plunger  on  to  the  mixture  inside  the  mould. 
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Wlien  the  required  pressure  is  registered  on  the  gauge,  the  valve 
lever  is  reversed,  the  air  escapes,  and  the  piston  ascends  to  its  original 
position. 

A  gentle  pressure  on  the  foot  lever  raises  the  false  bottom  in  the 
mould  and  lifts  the  finished  cupel   from  the  mould. 

The  pressure  exerted  is  generally  between  loo  and  uo  lb.  per  sq.  in., 

(ii)  Tlie  cement  used  in  this  class  of  cupel  should  be  first  passed 
through  a  6o-nKsh  sieve,  and  tlie  percentage  of  moisture  added  must 
not  exceed  lo. 

It  is  advisable  to  have  a  small  tin  of  the  required  capacity  with 
which  to  measure  the  moistened  cement ;  the  latter  should  constitute 
about   seven-eighths   of   the    whole   cupel. 

The  cement  is  placed  in  the  mould  and  the  final  layer  of  the 
magnesia  mi.xture  placed  on  top  and  levelled  down  with  the  scraper ; 
the  air  is  turned  on  and  the  operation  completed  as  with  the  No.  (i) 
metiiod.  The  cupels  must  be  thoroughly  slow-dried  before  using.  A 
well-made  cupel   should   absorb  practically  its  own  weight  of  lead   o.xide. 

A  superior  method  of  mounting  the  cylinder  to  that  shown  in  the 
illustration  is  to  substitute  for  the  bent  plate,  on  which  the  cylinder 
is  bolted,  two  sections  of  "I"  girder  (i  foot  long  X  i  foot  high  X  2\ 
inches  thick)  as  supports  to  the  cylinder  plate  and  bolted  to  the  base  plate. 

This  forms  an  extremely  rigid  and  efficient  mounting,  which  ensures 
perfect  alignment  of  the  plunger  and  mould. 

PLATE  XXXVI. 
H.\ND  Cupel  M.\chine. 


The  above  illustration  shows  an  ordinary  "  fly-screw "  press  having 
a  three-lead   screw — 3-inch  pitch — which   actuates   the  punch   block. 

The  mould  block  is  attached  to  the  foot  of  the  main  casting.  Ample 
pressure  (800-1,000  lbs.)  is  obtained  for  the  making  of  the  largest-sized 
cupels  used  in  assaying,  the  downward  impetus  of  the  plunger  being 
considerably  augmented  by  the  heavily  constructed  horizontal  arms.  The 
blocks  and  dies  are  identical  with  those  of  the  air  press  machine. 
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PLATK  XXXVII. 

Mixing  and  Quartering  Apparatus. 

Fig.  I. 


Fig.  2. 
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Fig.  3. 


Fig.  I  shows  scoops  (made  from  20-gauge  sheet  metal)  ready  for 
sample ;  it  will  be  seen  that  a  flange  on  the  left-hand  scoop  fits  over 
the  edge  of  that  of  the  right-hand  scoop. 

Fig.  2  shows  the  sample  about  to  be  poured  on  to  the  dividing  flange; 
care  must  be  taken  to  pour  in  such  a  way  that  an  equal  quantity,  within 
reasonable  bounds,  enters  each  scoop. 

Fig.  3  explains  how  the  mixing  is  brought  about,  the  particles  from 
the   two   streams   becoming   intermingled   as   they    meet   together. 

The  process  depicted  in  Figs.  2  and  3  are  repeated  five  times ;  each 
time  the  sample  is  transferred  to  the  scoops  a  quarter  turn  is  given  to 
the  paper,  so  that  the  top  side  of  the  paper  when  in  position  number  3 
becomes  the  right  side  in  position  number  2.  This  way  of  mixing 
probably  compares  favourably  with  any  other  for  speed  and  accuracy. 

In  order  to  reduce  tlic  bulk  by  half,  a  scoopful  may  be  discarded 
after  mixing. 
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APPENDICES. 


I.  THE  PREPARATK  )X  OF  CHECK  GOLD. 

Dissolve  I  oz.  of  assay  bullion  cornets  in  4  fluid  ounces  of 
a(iua  regia,  adding  the  acid  gradually.  Roil  gently  till  all  the  gold 
is  dissolved,  adding  more  acid  if  required,  i  c.c.  at  a  time. 

Dilute  with  2  fluid  ozs.  of  distilled  water  and  allow  to  settle 
for  24  hours,  then  decant  the  supernatant  fluid,  and  Alter  this 
twice,  thus  removing  silver  chloride  containing  some  gold. 

If  platinum  is  present,  precipitate  the  decanted  liquor  first 
with  potassium- chloride  and  excess  of  absolute  alcohol,  allow  to 
stand  for  24  hours  and  filter,  then  boil  off  the  alcohol  and  proceed 
as  below. 

Decanted  Liquor. — Evaporate  till  all  nitric  acid  is  driven  oft' 
and  crystals  of  gold  chloride*  begin  to  separate  out.  Dilute  with 
500  c.c.  distilled  water  and  filter  through  double  filter  papers  into 
a  large  flask.  Dilute  to  i  litre.  Cover  flask  and  allow  to  settle 
in  a  dark  place  for  seven  days.  Filter  again  through  treble  filter 
papers. 

Filtrate. — Heat  to  near  boiling  and  add  excess  of  saturated 
solution  of  pure  oxalic  acid.  Stand  in  a  warm  place  for  twelve 
hours,  when  the  solution  should  be  colourless.  If  not.  add  a  few 
more  c.c.  of  oxalic  acid  and  allow  to  stand  again  till  the  solution  is 
colourless. 

Decant  oft'  the  supernatant  fluid  and  wash  the  brown 
precipitate  of  metallic  gold  with  warm  distilled  water  several 
times.  Then  wash  with  warm  dilute  ammonia  water  and  again 
with  distilled  water.  Wash  with  warm  dilute  HCl  and  again 
with  warm  distilled  water  till  the  washings  are  neutral.  Dry  and 
fuse  the  gold  powder  in  a  new  glazed  clay  crucible  under  borax. 
Separate  the  slag  completely,  roll  in  flatting  mill  to  the  required 
thickness,  boil  in  dilute  liCl,  wash  several  times  and  anneal.  The 
product  should  be  at  least  999.9  fine. 

The  silver-gold  residues  and  filter  papers  may  be  run  down 
in  lead,  cupelled  and  returned  to  the  smelting  works. 

•Really    HAuCl,. 
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II.  THE  RECOVERY  OF  SILVER  FROM  AgNO,  SOLU- 
TIONS AND  THE  PURIFICATION  OF  SILVER 
THUS  OBTAINED. 

The  used  parting  acid  of  an  assay  office  containing  silver 
should  be  filtered  through  good  filter  papers  into  a  large 
jar  or  bottle,  to  which  a  chloride  solution  is  added  from  time  to 
time.  The  silver  is  thus  precipitated  and  collected  as  chloride, 
and  the  supernatant  liquid  poured  off  after  settlement  when  the 
receptacle  is  full. 

Filtration  at  the  beginning  is  necessary  to  exclude  any  small 
plates  or  particles  of  gold  which  may  have  been  lost  during 
washing. 

When  pure  silver  is  required  proceed  as  follows : — 
Wash  the  precipitated  AgCl  in  cold  water  until  only  a  trace 
of  chloride  is  shown  in  the  washing  water.  To  the  washed 
chloride  (AgCl)  add  some  strips  of  pure  sheet  zinc  to  the  extent 
of  four  ounces  of  zinc  to  fourteen  ounces  of  AgCl,  and  add 
excess  of  H2SO4  of  1.06  specific  gravity.  Allow  to  stand  for 
about  12  hours,  when  all  the  zinc  should  be  dissolved  and  the 
AgCl  reduced  to  spongy  or  "  cement "'  silver.  Should  the  action 
not  be  complete,  add  more  HoSO^  and  allow  to  stand  again  until 
action  is  complete.  Wash  the  cement  silver  until  the  washings 
show  only  faint  traces  of  acid,  and  then  dry  the  silver.  Fuse  in  a 
new  clay  or  plumbago  crucible  under  a  cover  of  powdered  char- 
coal, and  pour  slowly  from  a  height  of  at  least  seven  feet  into 
a  porcelain  dish  in  a  bucket  of  clean  cold  water.  This  granulates 
the  silver  into  a  form  convenient  for  weighing  off. 

The  metal  may  also  be  poured  into  a  kaolin  mould  giving  a 
bar  six  inches  long,  one  and  a  half  inches  wide,  and  from  a 
quarter  to  half  an  inch  thick,  taking  care  to  keep  a  good  cover  of 
powdered  charcoal  on  it  to  prevent  spirting. 

Bars  of  this  size  are  easily  rolled  in  the  flatting  mill  into 
thin  silver  sheet,  which,  after  annealing,  is  easily  cut  with 
scissors  or  shears.  If  pure  zinc  is  not  obtainable,  the  dried 
AgCl  should  be  reduced  by  fusing  with  sodium  carbonate. 
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III.  THE  DETERMINATION  OF  ORE  TONNAGE. 

The  necessity  for  accurate  cleterniination  of  the  tonnage  of 
ore  crushed  and  treated  in  a  reduction  works  is  known  to  all 
responsible  ofHcials  connected  with  the  gold-mining  industry. 

The  monthly  tonnage  figure  is  used  in  many  calculations  in 
most  departments  of  a  mine,  and  forms,  along  with  assays  of 
the  various  products,  the  basis  of  most  metallurgical  calcula- 
tions and  reduction  works  results. 

Ore  Delivered  to  Mill  Bin. — On  the  mines  of  the  Witwaters- 
rand  it  is  not  customary,  on  account  of  the  variable  moisture 
content,  to  weigh  the  ore  delivered  to  the  stamp  mill,  but  a  "  car 
factor  "  (tons  of  dry  ore  per  car)  may  be  arrived  at  by  weighing 
several  cars  and  making  moisture  determinations  on  each ;  this 
may  be  a  useful  basis  for  roughly  estimating  the  tonnage  de- 
livered. 

7  ons  of  Ore  Crushed. — The  general  and  most  accurate 
method  of  arriving  at  the  tonnage  of  ore  crushed  is  by  computing 
the  tonnages  of  sand  and  slime  into  which  the  ore  pulp  from 
the  mill  is  classified  in  the  cyanide  works,  and  the  accurate 
measurement  or  calculation  of  the  quantities  collected  of  these 
two  products  is  an  important  routine  duty. 

Sa)id  Tonnage. — The  tonnage  of  dry  sand  in  a  tank  is 
calculated  from  the  volume  of  the  charge  in  cubic  feet  divided 
by  the  number  of  cubic  feet  of  such  sand  equivalent  to  one  ton 
of  the  dry  product. 

It  is  therefore  necessary  first  of  all  to  measure  the  cubic 
capacity  of  the  tanks,  exclusive  of  filter-beds,  supports,  etc. 

On  account  of  the  fact  that  the  sand  charge  is  not  homo- 
geneous, the  most  accurate  method  of  determining  the  number 
of  cubic  feet  per  ton  appears  to  be  the  weighing  of  all*  the  trucks 
of  sand  from  a  charge  either  during  transfer  from  the  collecting 
tank  to  treatment  tank  or  during  discharge  to  the  residue  dump. 

Samples  of  the  sand  for  moisture  determination  must  be 
taken  at  the  time  of  weighing,  with  the  usual  precautions  to 
prevent  evaporation.  Having  determined  the  weight,  moisture 
and  volume  of  sand,  the  number  of  cubic  feet  per  ton  may  be 

*  If  it  is  impossible  to  weigh  all  the  trucks,  then  as  large  a  proportion 
as  possible  should  be  weighed. 
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calculated;  determinations  from  several  charges  should  be  made 
so  that  a  true  average  may  be  arrived  at  as  the  basis  for  sand 
tonnage  calculations,  to  be  used  so  long  as  the  conditions  of 
crushing,  classification,  and  collection  obtaining  at  the  time  of 
the  tests  continue. 

After  any  change  in  these  conditions  or  in  the  ore  delivered 
a  re-determination  of  the  cubic  footage  of  sand  per  ton  should 
be  made. 

With  certain  designs  of  plant  it  may  not  be  possible  to  carry 
out  the  above  method,  in  which  case  definitely  known  volumes  of 
the  sand  collected  as  part  of  the  charge  may  be  carefully  removed 
during  transfer  and  have  weight  and  moisture  determined.  This 
may  be  done  by  having  a  number  of  boxes  or  cylinders  of  one 
or  more  cubic  feet  each,  made  of  9-mesh  screening,  placed  at 
various  parts  of  the  tank  before  and  during  collection  of  the 
charge ;  these  are  removed  with  their  sand  content  and  the  neces- 
sary determinations  and  calculations  made  therefrom ;  or  blocks 
of  sand  of  definite  size  may  be  cut  out  and  removed  from 
different  parts  of  the  charge. 

A  large  number  of  these  samples  should  be  taken;  the 
samples  should  represent  equal  volumes  of  sand  under  the 
varying  degrees  of  moisture,  pressure  and  composition. 

Having  determined  the  number  of  cubic  feet  of  sand  per 
ton,  it  is  essential  that  the  routine  calculation  of  tonnage  should 
be  made  from  the  volume  measurement  of  sand  under  the  same 
conditions  as  that  on  which  the  determinations  were  made. 

\\^ith  the  above  data  determined  a  table  may  be  compiled 
giving  the  tonnage  of  sand  corresponding  to  the  vertical  depth 
of  charge  for  a  tank  of  any  given  diameter.  (See  appendix  VI.) 
Another  method  of  arriving  at  the  tonnage  of  dry  sand  in  a 
charge  is  to  determine  the  interstitial  space,  i.e.,  the  number  of 
cubic  feet  of  solution  used  to  cover  the  charge.  This  is  sub- 
tracted from  the  number  of  cubic  feet  in  the  covered  charge, 
and  the  difference  divided  by  the  factor  for  cubic  feet  per  ton. 
If  there  is  m  per  cent,  of  moisture  in  the  sand  before  covering, 

(I           m  V 
. [ I  when  d  is  the  specific  gravity  of 
d        100/ 
the  dry  sand. 
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Assuniitig    (/    to    he    z."/,      tlu-      number     of     dry     tons     is 

V— S 

-,  in  whicli  \'  and  S  arc  volumes  of  covered  charge 


1 1.85 -f  0.32m 

and  solution  in  cubic  feet  respectively. 

Slime  Tonnage. 

The  calculation  of  the  tons  of  dry  slime  in  a  given  volume 
of  pulp  is  based  on  the  specific  gravity  of  the  dry  slime 
(assumed  at  2.j)  and  either  the  specific  gravity  or  the  moisture 
content,  or  the  ratio  of  solid  to  liquid  of  the  slime  pulp. 

The  specific  gravity  of  the  slime  pulp  is  determined  by 
weighing  a  definite  volume  (say  1,000  c.c.)  taken  from  a  repre- 
sentative sample,  which  must  be  kept  thoroughly  mixed  and 
agitated  while  the  flask  is  being  filled  with  it. 

Specific  gravity  of  siime  pulp 

wt.  of  (flask  +    pulp) — wt.  of  flask. 


wt.  of   (flask  -|-  water)  —  wt.  of  flask 

In  Appendix  V.  of  this  book  (Table  10)  will  be  found 
all  available  information  on  this  subject,  and  similar  tables  may 
be  compiled   for  slime  of  specific  gravity  other  than  2.7. 

Some  mention  may  now  be  made  of  the  methods  used  to 
obtain  representative  samples  of  slime  pulp.  If  the  pulp  be  in 
agitation  in  a  mixing  vat,  samples  may  be  taken  in  a  narrow- 
necked  vessel  fastened  to  a  rod,  so  that  the  sample  may  be  taken 
not  only  from  the  surface  of  the  charge,  but  also  from  as  far 
below  as  possible ;  or  samples  may  be  drawn  off  from  the  side 
of  the  vat  at  various  depths.  Tinned  iron  or  metal  flasks  are 
the  most  useful  for  slime  plant  work,  these  being  made  to  hold 
exactly  1,000  c.c.  The  mouth  of  the  flask  may  be  made  of 
any  desired  shape,  so  that  the  flask  may  also  serve  as  a  sampler. 

To  arrive  at  the  correct  volume  of  pulp  undergoing  agita- 
tion, there  should  be  no  accumulation  of  settled  slime  at  the 
bottom  of  the  vat,  and  agitation  may  have  to  be  stopped  for  a 
few  moments  after  samples  have  been  taken,  but  before  volume 
measurements  are  made. 

To  facilitate  specific  gravity  determinations  of  pulp  when  a 
number  of  these  have   to  be  made  regularly,  a  special  type  of 
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balance  may  be  provided  from  which  the  specific  gravity  of  the 
pulp  and  the  moisture  percentage  may  be  read  off  direct  (Crosse). 
On  plants  where  the  decantation  process  of  slime  treatment 
is  used  it  is  often  difficult  and  even  impossible  to  obtain  really 
representative  samples  of  pulp  for  specific  gravity  determina- 
tions, and  under  such  conditions  the  tonnage  of  dry  slime  is 
calculated  from  the  average  moisture  percentage  of  the  settled 
slime  after  all  supernatant  liquid  has  been  decanted.  Several 
methods  of  taking  core  samples  of  a  settled  slime  charge  have 
been  used,  but  probably  the  simplest  and  most  accurate  is  to 
use  the  apparatus  devised  by  Tonnesen,  which  has  proved  more 
expeditious  and  convenient  than  the  others,  and  by  means  of 
which  a  large  number  of  samples  may  be  taken  from  one  charge 
without  causing  any  appreciable  delay  in  the  operations.  The 
apparatus  consists  of  a  2  in.  diameter  pipe  with  knife-edge  at 
the  bottom  end,  which  is  lowered  slowly  into  the  settled  slime  at 
any  desired  position ;  a  rod  with  a  plunger  which  may  be  ex- 
panded is  then  directed  into  the  pipe  until  it  reaches  the  surface 
of  the  sample.  After  expanding  the  leather  cup  of  the  plunger 
and  making  an  air-tight  joint,  the  whole  may  be  raised  and  the 
sample  transferred  to  a  suitable  dish  for  moisture  determination. 
In  order  to  arrive  at  the  average  moisture  content  a  number 
of  samples  must  be  taken,  since  there  are  two  factors  which  will 
cause  varying  results  from  one  charge — depth  of  charge  and 
distance  from  point  of  delivery.  It  is  therefore  desirable  that 
the  vat  should  be  divided  into  concentric  rings  so  that  each 
ring  will  represent  an  equal  volume  of  pulp  from  each  of  which 
a  sample  will  be  taken.  From  the  average  moisture  percentage 
of  the  settled  slime  pulp  and  the  specific  gravity  of  the  dry  slime 
it  is  only  a  matter  of  calculation  to  determine  the  number  of 
cubic  feet  of  settled  slime  pulp  per  ton  of  dry  slime,  and  so 
arrive  at  the  tonnage  of  dry  slime  in  a  charge  of  a  certain 
volume  (see  preceding  page).  It  is  necessary,  however,  that  a 
number  of  charges  of  average  size  be  sampled  in  the  above 
manner  in  order  that  a  correct  average  moisture  percentage  be 
arrived  at.  It  may  be  pointed  out  also  that  any  appreciable 
alteration  of  conditions  will  necessitate  re- determinations ;  these 
conditions  include  temperature  of  pulp,  method  of  classification, 
fineness  to  which  the  ore  is  crushed,  depth  of  charge,  and  time 
available  for  settlement. 
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IV.  HILLS  KATATHERMOMETER:  ITS  USE  IX  MIXES. 

The  katathcrmonictcr  is  an  instrument  inventcil  and 
introduced  by  Dr.  Leonard  Hill,  of  London,  for  measuring  the 
"  cooling  power  "  of  the  atmosphere,  a  property  which  Dr.  Hill's 
researches  have  established  as  having  a  most  important  effect  on 
human  health  and  efficiency,  and  which  is  now  recognized  as  a 
more  important  factor  than  ventilation. 

The  body  produces  a  considerable  quantity  of  heat  depending 
on  the  amount  of  work  being  done,  and  this  heat  j)roduction 
must  be  balanced  by  an  equal  amount  of  heat  dissipation  '!f 
the  body  temperature  is  to  remain  normal.  The  heat  is  dissi- 
pated by  (i)  radiation;  (2)  convection;  and  (3)  evaporation  of 
moisture  from  the  body  surface  (and  to  a  less  extent  from  the 
respiratory  tract).  The  cooling-power  of  the  air  on  the  body 
depends  on  the  temperature  of  the  air  and  surrounding  objects, 
on  the  motion  of  the  air  over  the  body  and  on  the  humidity  of 
the  air. 

There  being  no  means  of  measuring  the  combined  effects 
of  these  three  factors,  Dr.  Leonard  Hill  introduced  the  kata- 
thermometer  for  this  purpose  in  1914.  In  1916  it  was  calibrated, 
standardised,  and  made  a  scientific  instrument  giving  cooling 
power  in  definite  units,  viz.,  milUcalories  (  y.^tsxs  grarn  calories) 
per  sq.  cm.  of  hot  surface  per  second.  The  relation  of  cooling 
power  (on  both  wet  and  dry  bodies)  to  wind  velocity  was  also 
investigated,  and  this  has  been  recently  revised  and  corrected. 

The  katatherniometer  (known  briefly  as  "  kata ")  was 
introduced  to  the  Rand  in  1917  by  Dr.  A.  J.  Orenstein.  who 
made  a  great  many  tests  of  atmospheric  conditions  in  several  of 
the  mines ;  since  then  it  has  come  to  be  recognised  by  ventilation 
engineers  and  others  as  a  useful  instrument  in  testing  atmos- 
pheric conditions,  and  is  now  in  regular  use  in  several  mines. 

The  katathermometer  is  so  called  on  account  of  the  fact 
that  it  makes  use  of  the  rate  of  fall  of  its  own  temperature  to 
determine  cooling  power. 

It  is  an  alcohol  thermometer  having  a  large  cylindrical  bulb 
about  4  cms.  long  and  1.75  cms.  in  diameter  (with  spherical 
ends)  with  a  stem  graduated  from  95  to  100°  F.  This  range 
is  chosen  to  give  a  mean  temperature  (36.5°  C.)  approximately 
that  of  the  body  surface.     A  small  safety  bulb  is  provided  at 
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the  top  of  the  stem  to  give  a  margin  for  overheating  without 
bursting  the  instrument,  and  to  ensure  that  the  cooUng  has 
settled  down  to  a  steady  rate  when  the  temperature  is  faUing 
from  1 00°  to  95°   F. 

To  take  a  reading  of  "  dry  coohng  power  "  the  bulb  is  used 
bare  and  heated  in  water  (about  80°  C.  or  178°  F.)  until  the 
alcohol  rises  well  into  the  top  reservoir.  A  "  Thermos  "'  flask 
is  recommended  for  holding  the  hot  water.  The  bulb 
and  stem  are  then  thoroughly  dried  and  the  instrument 
held  bulb  downwards  in  the  place  required,  at  least  an  arm's- 
length  away  from  the  body.  The  time  in  seconds  is  taken  (pre- 
ferably by  stop-watch)  for  the  meniscus  to  fall  from  the  lOO'' 
to  the  95°  mark.  The  "  factor  "  of  the  instrument,  which  is 
marked  on  the  back  of  the  stem,  is  then  divided  by  the  time  in 
seconds,  and  the  result  is  the  "  cooling  power  ''  in  millicalories 
per  sq.  cm.  of  "  kata  "  bulb  surface  per  second.  If  conditions 
are  variable,  the  average  of  several  readings,  say  five,  should 
be  taken. 

The  "  wet  cooling  power,"  that  is,  the  cooling  power  of  the 
atmosphere  on  a  hot  wet  body  at  36.5°  C.  is  taken  in  a  similar 
way.  The  cotton  finger  stall  supplied  is  drawn  over  the  bulb, 
which  is  heated  in  hot  water ;  the  surplus  water  is  shaken  ofif, 
the  instrument  suspended,  and  the  time  taken  as  before. 

Dr.  Hill  suggests  that  the  following  values  of  cooling  power 
work  are  the  best : — 

(i)   For  sedentary  work,  6  units  by  dry  "  kata,"  18  by  wet. 

(2)  For  light  manual  work,  8  and  25. 

(3)  For  heavy  manual  work,   10  and  30. 

These  figures  are,  of  course,  approximate  only,  and  are 
based  principally  on  dry  "  kata  "  readings  necessary  to  prevent 
feeling  of  oppression  and  pronounced  sweating,  the  wet  "  kata  " 
values  being  those  corresponding  to  the  dry  values  in  climates 
similar  to  England.  On  the  Rand  the  corresponding  wet  "  kata  '"' 
values  will  be,  as  a  rule,  much  higher  than  those  given  above, 
and  the  imperceptible  evaporation  from  the  skin  and  respiratory 
tract  will  be  increased,  hence  lower  dry  "  kata  "  cooling  powers 
can  be  allowed ;  e.g.,  5  by  dry  "  kata  "  and  22  by  wet  will  be  quite 
as  comfortable  as  6  and  18  respectively.  Underground  the  reverse 
is  the  case,  and  the  corresponding  wet  "  kata  "  values  are  much 
lower  on  account  of  the  great  humidity  of  the  atmosphere. 
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For  the  purpose  of  the  mines  the  wet  bulb  katathcrmometer 
may  l)f  taken  as  tlie  Ix'St  standard  of  comfort,  as  it  includes  a'l 
tin-  factors,  cooliiuf  po7ccr,  temperature,  motion  and  humidity, 
the  last  factor  being  important,  as  the  body  is  nearly  always  wet 
or  moist  underground. 

The  following  is  a  table  of  wet  "  kata  "  readings  with  the 
probable  dry  "  kata  "  readings  underground,  and  the  correspond- 
ing physiological  effects  likely  to  be  produced  on  an  under- 
ground worker  stripped  to  the  waist. 


Cooling  Power  in 

niillicalories  per 

sq   cm.  per  second 

Physiological  lEffects  on  a   Man 
stripped  to  the  Waist. 

Wet  Kata 

Dry  Kata. 

S 

lO 

20 
25 

1-5 

3-5 

5-5 

8.0 

10. 0 

Extremely  oppressive :  profuse  sweating, 
rise    of    body    temperature,    and   large    in- 
crease of  pulse-rate,  especially  when  work 
is  performed. 

Distinctly  oppressive ;  body  temperature 
can  be  kept  normal  only  by  profuse  sweat- 
ing;  skin   flushed  and   pulse-rate   high. 

Lower  limit  for  comfort. 

Quite  comfortable  for  work. 

Cool  and  refreshing  for  work,  too  cold 
for   resting   if    skin   is   hot   and   wet   after 
work. 

When  the  dry  "  kata  "  reading  exceeds  8  to  10  units,  pro- 
nounced sweating  ceases,  and  the  dry  "  kata  ''  should  then  be 
taken  as  the  criterion  of  cooling,  unless  the  skin  and  clothes 
happen  to  be  wet. 

The  dry  "  kata  '"  can  be  used  as  an  anemometer  in  con- 
junction with  an  ordinary  thermometer,  the  results  being  calcu- 
lated bv  the  formula. 

hl/d  —  0.2^ 
V 


(tl/0  —  O.2\ 
0.4  / 


Note. — 6  is  36.5 — t  Centigrade,  and  II  is  the  cooling  power. 
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It  is  much  more  convenient,  however,  to  use  a  curve  giving 
relation  between  H/^  and  wind  velocity*  from  which 
the  velocity  can  be  read  off  when  H/^  has  been  obtained. 
The  katathermometer  is  particularly  useful  for  determining 
wind  velocities  in  mines,  especially  where  the  velocities  are  low, 
say  lOO  ft.  per  minute  and  under,  at  which  velocities  the  average 
anemometer  either  will  not  run  at  all  or  will  give  results  with 
a  possible  error  of  loo  per  cent.  When  the  "  kata  "  is  used  for 
this  purpose  care  should  be  taken  that  the  readings  are  taken 
where  the  air  current  is  fairly  unidirectional,  as  any  eddies, 
swirls,  or  to-and-fro  movements  increase  the  cooling  power  and 
give  an  exaggerated  value  of  velocity.  Moreover,  when  in  a 
hot  place  where  the  value  of  6  is  small,  care  should  be  taken 
to  read  the  temperature  very  accurately,  as  a  small  error  in  this 
makes  a  large  percentage  error  in  6  and  still  greater  in  the 
velocity.  The  various  formulae  given  above  are  only  strictly 
true  for  sea  level,  and  require  to  be  slightly  modified  for  high 
altitudes,  but  the  correction  at  the  average  depths  of  under- 
ground working  is  negligible. 


*  Page  87,  Vol.  XXI,  and  page  22,  Vol.  XXII,  of  The  Journal  of  the 
Chemical,  Metallurgical  and  Mining  Society  of  South  Africa. 
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APPENDIX  V. 


Ofit     CTVSMEO     •- 

12    I    13    IH    I     15  I    16    I    18 


Pin  MiNuTi   [AoeiPTeD  ftOMR  M P Ep  lih] 


20  I    22  I    24  I    26  I   28  I   30 


\iSTS  17517 

1  9160 

2I5S« 

23510 

25443 

27368 

2-9S19 

1  9124  J  1515 

23901 

2  6297 

Z8686 

J  107; 

33467 

3  5«5S 

2  2666  2  6631 

2  8350 

iUSI 

i-»OI9 

J6«5t 

3  9689 

4  2S24 

2  6253  2  93'3 

J27S» 

3  607^ 

i953l 

4  2630 

45910 

4  9.89 

[aoiPTCo    r^on   R  ri  P  i  pptzo-  in] 


Tables  ano  Data 

Arranccd.  Octobcr  1915.  fir 
C.O.SCHMITT.    niNST.n.M. 


3f£c  Cnjfvrrr  »  Okv  SuMt  •  37. 


6TuBt  Mill  ruo 


rm 


AFtH 
IF  VAT 

Sa'f7- 


IJ  71 

31  42 
47  12 
62  13 

94  2S 

l«9  S6 
I2$'66 
I4IS7 
IJ7M 
172  75 
l8i  50 

219-01 
235-60 
241  iJ 


19  63 
18  3» 
176  78 
JI4  16 
^90-!7 
706-86 
962  II 
I2i6  69 
15904.3 
1964-30 
237583 
2827-4S 
i3i8-31 
3J48  4S 
441?J6 
iOlb  55 


12 


■935 
374 
8  42 
14-96 
23  37 
33(6 
45-81 
59  64 
75  73 
9350 
113-13 
134  64 
158  01 
183  26 
210-37 
239  Sb 


i    or  Dky  Shud 

K  -Foot  bf  J)eptm 

'  To'*     CONTAINS 

CUBIC  Fur 

24 


2? 


»92 
Ji7 

S  03 
14  28 
2231 
32-13 
43-73 
57-12 
72  29 
89-25 
(07  99 
12852 
IJOSJ 
174  95 
roDSl 


853 
J4I 
7  68 
I3-6S 
i\-1A 
307, 
■41-13 
5463 
«-l4 
85  37 
J  03- 89 
122-93 
144-27 
167-32 
192-18 


818 
327 
7  38 
1309 
25  45 
2945 
4009 
J236 
66  27 
SI  81 
99  to 
117.81 
13826 
16C)5 
184-08 
20993 


755 
3  02 
6  «0 
12  08 
1881 
27  19 
3700 
4833 
61  17 
7iS2 
91-38 
108  75 
127-63 
14802 
169  91 
93  32 


32 


243 
5  52 
9  82 
1J34 
2209 
30  07 
39  27 
49  70 
6136 
74  24 
8836 
10370 
120  26 
13806 
15707 


S  LI 


Pulp 


42  51    4a   )    SO 


ReTio  or  Liium   ro  DRY   5ti 
\y,:\\  Z:\    \Z\-.^\   3.1   |  3Vl  | 


4:1    I  5-. 


Specific        _ 

1-788  I  I  739  I  I  693  |  I  64^  |  16071  l-567|  I  530  |  I  459  1 1  337  |  1-266  |  1-219  |  t-187    |l  163  |  1-144  1 1  117 


Cubic  fcit 

lSOl\  3(06|  33  191 


ro/V5      OF       BUY 


35-53| 


Pulp      pch     Ton      or    oky 
38  0l|43  89|  59  7ii|7575|  92O0|lO7-75| 


3  07 
691 
12  2! 
1919 
27  64 
3762 
48-13 
62  19 
76-77 
9290 
110  56 
12912 
150-49 
172  44 
96  55 


I  RiutTiYL  Stamp  OuTies  o/iPyniTic  BfinKn  Om 

'       [AOtPrLD    Feon  TFBU    Br  C- 0  Snititr,   /?MPI,p7s! 


II  52 

I  too 
1591 
3J28 
46  Ot 
3832 
72  00 
87-12 
103  6! 
121-68 
1*1-12 
I62O0 
184  32 


10-80 
16-68 
24-10 
33-09 
4320 
54  69 
6758 
81  70 
9720 
114-11 
138  36 
151. 92 
172  80 


&»T7efiY    \5TSnp OuTr  m Tcnz Ftn z^vioKiCc  Hoiks 
SCfUKiK      mxmiic  wcicht  oriinnPs  m  is 

MUX  JFHT^IZiO]  1400  \  liOO  |  liOll\2000S 

it  In.    pie/fti 


111 


PIP    Foot    Depth    of    Pulp 


|139  9l|l72  20 


10  II 
1580 
22  76 
3098 
4047 
5122 
6324 
7551 
9106 
10687 
12394 
1422! 
I6I-S8 


■iii 
2  56 
}32 
547 
1479 
21-30 
28-99 
3786 
48-24 
5916 
71  S! 
8519 
99-98 
11591 
133-11 


4  97 
381 
13-81 
1989 
27- ( 
3557 
4476 
55-26 
6687 
7958 
93M 
108-31 
124  34 
141-47 


SI6 
2  06 
4  65 
«26 
1290 
18  62 
2S28 
330a 
4180 
51-60 
6244 

7431 

87-30 
101-14 
116-23 
132.20 


1119 
16-12 
3194 
28-65 
36-22 
44-77 
54.17 
64.47 
75  6/ 
8774 
10066 


295 
5  25 
8  21 
1181 
16-09 
21  00 
2658 
32  81 
3971 
4725 
5550 
64s3l 
73-89 
8191 


ScKtin  Pulp 

CK/IDINC 


iisui 

PHFTt 
^Olf/TKH 

i?'C 


BisuLPHATE  Of  ioon  Solution 

IE  TMOmtsUC  ^.  WiLUins.[Rfll,Pl.F*iSj 


CF/l/fJ*ii 
H,SO, 

loocc 

OP 

SoLi/riOf* 


In  Ei^RY  cast  3TA/rP  Duties  PRE CEPtfiotNT  upon  the  COKOmoHS  P/ic- 
vi/iinc  s«/,  «  %p  eta  una  IIP  of  of  stphps^uiitei!  Hhtio.hik'T  01 

JllKnFllCl^MFRPnEii  CF  OliE,llfFICIincr  CFPnummer  BrepkinC 


[(y^linlRHFTICNPL  fiTOniC    WEICHTi   OF  COXFIOllElt  aEMENTS,  l9l5J0-  /«  «? 


fiHTmoir^ 

ARSENK 

BRRivn 

BOfOM 

BROMIHt 

CfiLCIUf* 

CRueoN 
cmoRim 
Chromium 
CoMlt 

COPPER 

FiuoRinf 
Coio 


1)  »-96 
8i  13737 
a    2080 


HYDfOCEH 
IODINE 
IRIDIUM 
IROH 

Lino 

LiTHItiM 
^aClnLSIUM 
MFlKlflESl 
MIERCUPy 

PloLr&OEmiM 
hlCKCL 

NITROCEM 
OSMIUMI 


H  <S4 

M,  3(32 

M^  Stti 

Hj  SOO-C 

M.  960 

M  5168 

N  14-01 

0>  190-9 


PLRTmtJM 
PCTtSilUf 

Suciun 

SlUCON 

Silyer 

SODitirt 

Stuouthium 
Sulphur 

TtLluRlUM 

Tin 

Titanium 

tuncstem 

URANIUM 
V'NIIOIUM 
Zinc 


20|  /^ssx^y  Ton  Wcicht  SvsTiMjRMP  j.pfio] 


The  unit  of  the  System  is  the  /Iurt  Ton  =  29i$ecetMn£s 

T  is  OERIVEO  as  FOLLOWS: 
I  LB  avoirdupois  -  T.OOOTROYCR'INS.     iOOOlB  '  ITOM. 
2.000  X7.000  =  1^,000,000  TRorCRAIMS    IM  ONE  ToM  fivOIROVPOIS 

48o7)Joy  Grains  =  ;  a  troy. 

14.000  0OO-e4M   =29166  TROY  02  IN  ZOODLB  AvoIROUPOiS 

There  arc  2).ks  /iiu/crrmmis  m  one  Assay  Ton  (AT,)  ^  hekce 

IfiOOLB  IS  TO  IA.T.  AS  lOZ  TXOY  IS  TO  IMluiCRRnnC, 

Therefore,  if  I  at  of  Ore  assays  Imiilicramme  or  com  orshver. 
The  Ton(z,ooou)  contains  IOz  TiiOY. 
Toocc  cauAL  24AT  (useful  for  Assay  If  CYANWt  Sciutions} 


29 


•SOLL 


Throuoi  Extractor  Boies. 


'o  £h3VRE  HOT  mche  tuamizo^  OFCOtI /YRToit  ar  Sati^iB"  Oin-ni,w,JUERtn 
or  fLCWNir  yARY  nfiN  ircZToM or SotvniN Aft  Ciaf^^UAD-CMTTO 7/f^ SHAYMCirril 
24  Nevus     The  Rite  cr  ru>N  PRAcrKABU  yartz  wt*  the  strii^cth.  Vmwc  and 

JIMPIRATURI  0fmES0LirTlM,OH07H[  CoRimin  ITZlAC  SHArllKS  tTRtlRTlNE  II  USE . 


LOW  of  Scit/TlON   THROUCP   SanOFiLTER    VATS. 


Decanteo  Slime  Solutiih  can  be  ClaR'fied  by  filtration 
ThKouCf  ifr  ro  2F7  depth  ifSaao  in  a  vst  rp-nntt  rate  if  itin  op 
SoLUTten  PER  StFioi  er  FiLTEAiNC  Area  per  24Mci/Ri. 


14? 


924 

10  20 

11  14 
1210 

-1310 
14-02 

14  92 

15  76 

16  75 

17  62- 
1835 

1 9- JO 
2047 
2124 
22  30 
2325 
23-95 
2510 
26-08 
2710 


SlSU^FVRTE 
TOSEAlleC 
ToAFiutDToA 
TOCMiOLU^r 
leFofEOOiAC 
SPK  CRniTY 


13  3 
29-2 
447 


165-1 
1836 
2026 
2214 
2404 
2603 
2786 
2963 
313-1 
3328 
350-1 
3686 
.  3874 
4067 
4256 
443  I 
462  0 
4759 
4987 
518  2 
558  4 


Solution 
(mFli/ISTOA^ 
obtain  TO  Fi 

puPAtaaiK. 


52 


1204 
12  86 
1392 
1492 
1594 
1700 
1822 
1952 
205! 
2182 
2310 
2440 
2471 
2504 


342 

647]     5  35 

7-70 


1268 
16  56 
2095 
2587 
3130 
3725 
43-81 
5070 
58-32 
66-35 


14 


1048 
(369 
1732 
21-39 
258! 
30-80 
36-07 
41-92 
4802 
54-29 


1-64 
291 
4^55 
656 
892 
1165 
(475 
1821 
2203 
26-22 
iO-80 
35-6S 

41  00 
46  24 


776 
10  14 

ra-83 

15  84 
1917 
2282 
2684 
31-05 
■35-74 
40-21 


5-05 

6  88 

S98 

1137 

1404 

•16  99 

20-22 

2372 

2752 

3158 

iSi9 


R'PLRCINTACL  by  NIKNI  Of  -m 

PfooucriRSt/cuiou  Par 
&•  [p 0! inTu&e Mill  Fllo  Pulp 
€■  o-sriii  Tuei  Mill  OuiFiowPmf 
IJ-j:ll-iii  Fiimi  TRiuHL  Pulp 
f<  Tors  a  On  CRumio  miwiHtu 

Furuti  MILL  riR  ZHHouiis 
!•  Tons  iiHry  Soma  ieb  pekHk 

Mia  ntS^iVoFKiK  hours. 

Then,  the  nns  0f-9OPRooiKeomt 

TuBL  «/u  fit  l^WofKim.  Hmn 

= The  Tons  of  ore  stanp-muUHa 

Viec  MILL  nil^HouRsnii  ripuEt 

BrrNE^'"^""  erNWiitfti 

cmrtct  IF  ■somsutcjiirm  Itv 

=  Tons  oFMnumsFEa  PtiTttt 

Mill  PER Z^HouRSMULTtPtaittt 

TRi  ""f^""  tcTNEtNfUaa 

Or-SOINTUBEMIU  IRFlQNtORtftm 
fULPS. 
TMT  I)  £1^  •  Tl^  . 

viEREfm     T'^^  . 


V/EliHT  ofTvBE  Mill  PlBBLC  LOADS    ooapteo FROHTiut 
Br  WA.CAtaEcorT.fKM.PI,P'Kt.2-:-eoiT.;  CM,M.S.mi.''P3ii} 


1-000 

I-OIO 
1-020 
I  030 


1  130 
1-146 
I  160 


I  310 
1-335 
1367 


(429 
1454 
1-480 
I  507 


•  SPECCRAVITr  CAICULATEO  A  IT^C, 

-  Difference  fi>R  each  oecrie  CEHTicRfot  *000ffT. 
i  Limit  ornoRmAL  ScluBiuty  at  it'^C. 

This  Table  k  maoe  for  Bisvlphatc  cohtaininc 
30!5%  RYAILAau  MtiO,. 


BfiiYlRr  N,nurL 


31 


-12- 


WtiCHT  or  Pebblc  LOAff  m T0Ni(rm[s FEtfiB niiNllHTiitiniix 
HAvmc  FouawiNC  Owucicrsia  inches  msioE  OF  Iinik 


4  96 


This  Table  hos  Seen  caiculateo  from  ine  CiNtRPt  FornulR: 

PCSUZLOAl      «  -0001 LFJ 1091 R'  -  ■ouivyvdR.  ■liatS 
OR  FOR  A  TuBEMlLL2iF.'L0W,  »  -OiSZ  A*  •  ^0107  vyv(ZR'  .609V> 

WHERE    1"  Internal  KAim  or  litti  HiBt  Mill  <•  Ircres 

Y-  Hekht  in  Inches  from  topoipebbulordtoi  mmc 
i.  LENfn  OF  Tube  mill  in  rccr 

f'WEIQNT  OF  ONECUBFT  OFP£6BUSWiB(IOSLaJ 

-  WhCN  Top  of  PEBBLCi  SlLOwAxli  OF  TUBE  MILL,  FmO  WeKHTirPlOBlEtMOI'IO 

UPPER  Surface  iyoi/lo  be  the  shme  Vhtance  above  axis, ano  atDucTTH's  weicnt  from 

THE  We IC NT  OF  PEBBlEiOAO  REQUIRED  To  FlU  ENTIRE  Tt;8E  MILL 


ll\ 


lMP£RtftL  StrnOARD 


CiPfKirr  tfRormKY  vacuum  SANaFmeM  Tabus. 

This    ti  FROM  2T0*iTen%  of  SfiND  pex  Sq.ft  of 
^iNQ  fiREa  Pen  24f^oi>n  "^nn  30%Me/srjMe  S*no 
If    OkFLOW  FCi0.lf?nP2Pi7t.CJ^MS  X.P^J 


23L 


I.M.M.  STdMOARO  LdBOIfATOKr 
5CRC[NS  • 


24 


Wilft  RPlKTURi       ^iS"* 


Br  WflCftioecoTf 


74  92 

25  10 


I.  Thi  DiUM^  m  OiOMiiS  v^ui  Incm^  if  a  Sria  Witt 
f  V«  (J0J/5VW*,   wn£re  w*wv<nTn»LimeMiiim 

2  Thc OFtrTv/f£ tf  Atfr Scmm  n  QtMiuJCMmi 

*  Z'  i^^  ^  IF sazui HtsiAmMmiui amuaUtH 

3  ■  7)tf  PtKCltntQt  trSctFlnOPti  JMHAAti-  HFOaoKl*0  ■ 


K  c  Ni/Mtie  •  or  Fip[n  TfK£i  pgt  ti 


t  tftCH. 


2r)i 


APPKXDIX   V. 


Aftft 


IT 


M//V1  ctnifum 


iJVrrn  »•  •  mmXc  •  I'M*  <* 


3|    CCff»i>l_  W/arfi 

CMKvmitlxKt  vrxru-AMil  «••*«  f  H  (</»•■) 
t9r»*tiii'nt       .nutter^ rmejini t  rai^ 


>MTO«  /ton 


^^"^    5.1 


4»ilSi:  sSSi.»  i.  t,  lav 


t  U^lil  ; 


MS 

»n 

MM 
3»M 


II  •■ 
H» 

•*« 

OKI 
••«| 

7»n 

TIO 

;iM 

MM 

♦71) 
ON 
•su 

6iM 
l»7i 
57M 

stn 
i*a 

5M) 

1144 
M«7 
4M* 

47«T 
«*«7 
44B 
42M 

417J 
4*45 

J»n 

Mf) 
3*M 

»72 
>Mi 


♦i> 


Si  IS  I  9117 
li-M,  Vt7 

14  l>      >»« 
7m|   2t«) 

4<l  i  n>7 

2147 

nj» 

2712 
2»«7 
»U 
2*41 
Ji-S» 
2*41 
M« 
MM 
23a 
2>M 

nn 
lift 
nst 

2222 
21*2 
ll«2 

2l4i 
2471 
24)1 

2»U 
2*44 

i«7I 
i»5i 
i«2i 
l4M 

itn 


42  »4 
«)75 
«5  44 
M'2S 
67  » 
<«75 
7044 
71  25 
72M 
737J 
7»» 
742) 
7;S4 
7i71 
1444 
tl2) 
I2M 
•513 
•»44 

a»2i 

(7S4 

mi 

9444 

9i2I 
»2« 
»7) 
>M0 
9*2i 

M7J 

in2S 

•42  M 
I4»7J 
■4)44 
14(2) 

147)4 


imv  .Omf  unit,  snmr  wkuk  UStta  rm' 
l«4iU«>s  »f  8'n. 

Thus    lOiflfiH/inM  I  ItKHIIK  ttfT  f  ITitlit  lKH,*iinilH 

net  niu  ZorneK  tr  enut  to—i  i^MCtfiUKCi) 
Tkelin  tf  -90Pni>urjr:iu)it  n»ncunjiHi^>iu>-(iit^i 
C£»t*'tir  mfiie-if^oii  in^nm  ^KfiX.v  nxO^r 


tin 

1*4) 

2lM 
2312 
2)«< 
27  7» 
»T» 
>17» 
»TJ 
3475 
27  72 

»n 

41-49 
4)47 
4544 
47ti 
4»41 

xa 

»*t 

a-st 
Msr 
»» 

(i« 

4>55 
till 
47)4 

•♦44| 
7147 


Z5I47 
24154 
14712 
MSM 
l2«4 
■  11*4 
10479 
»!)♦ 

n»i 

77  54 
71 K 
«7<7 

an 
tut 
D»7 
Sits 
)»» 
47  »• 
4»4» 
«JW 
«14« 
44)4 
MT) 
57  Jl 
)>t» 
>♦» 
)J)4 

nst 

91  44 
94)5 
2»«5 
2»7» 
2744 


CM    i  »0 
HOTti.  *  W/  TtUU  ts  cp^ijrrvcrftA 


16  3  «  tr  -}» 

H9W  trjVn  STtMPi  tr  t»#l£  Rl/Hmnf,  W<  KItTL  '|7>«  $9Ti;ui 

naai2),  i-SJtus  tr -ftnt  kcm.a»ii  mmifniwiiuto 
'1tietnui(llKisntm).i^iT*ntr  -m pmncu .uiuntmM 

SMt*t  nrtntiD  =  ^  •  St 

TtrnL  Tom  tr  -so  rjttourr  •  soctUiTi  -IT'  ^"" 

TtKS  tr  -S4  FftCtCfO  arSTvn  •  ^O'-itjJ'  »■  252  row. 

Ttntr  -stJtatfntiKttern/af'ut.TTtiwiti  '••• 
/imtu  tr  rtet  nnn  titrtttt  -^\.j  '  * 


15  I  Ci>i>»cm  ifOiiiPHftKm  Cotte  Ci.*isini*s 


Site 

trcuiarrnt 


t/T 


Srr 


Tens  trstuitPnimKi 
ir  f^rit  tr  vara  n  Stoti  a 
I4i»i  U»i  I  )« 


12  T<24 
14     I     i 


C.  lnWiUL.  Turnrntit^ms  TtmiK  nnietaiTtri  u  mcii»ut  umcf  CfU  tf 
ttKMin  wmt  iftra  m  smuvatu^t  q,  rviprntvifTSMtfrcvann^tm  an 

WtUK  SXtrfAnt  'aiKt  I0TIJIMII  Si/»racf  trua^tf.  t^vrmuamlfCtat. 
IMCl  Sizt  tr  Sunt  ftiriKU!  luto  Hrcx  njK timet  trf^m 
D  CtnttUkr.  ti/i'cc  mvt  trpto-  ruMmemimtu uuutitnwtu  Ltn 
Uvtova  winttr  Ctnis.  ttnlmmf  mat  Suae  am  riw  cami  ttrttnt 


nirrictfs.  attmwi  UilcvctVasH avst^ur  Ktaatttt  rt 
mPKicnce. 
roM  itfuumritD  a/svatoa  uimtoarctiumta. 


r  Uma  rytP 


P-¥^-C- 


17 


Aatmuf  «•  nat-ualitummm 

\iUHinunOrr.lhasTHaBamimcrpam 


*•»  mutaag  nttfuCtrtom  nmxat^Kt 3m  tmtmtaatlm- 
PMKn  taiB»;rnu>m  ittnittitntritimiiMeiantai  <*« 

2-tMiMrs  «?lt«»'J"»f'*I'' 
Q'Snmauu  Co/^Cfm*  jomtLaa  S^art  ^la  **«  aati^m  l?laBmrnt0Ct) 
ftf  StrAarJuH:  saho  ana  Simlumi  iaXiaoivwtt  vtetJftou 
HatiK  tcartKinv  tviTontriKnartrt^aHaani:,  wniiA  i  im- 
ritm  Ptifi  ajaa  lutoirKJmmtlifiOaa  or MOttjr  /iX  *2r{i  5t*«/Vt>* 

TM a fcirri'Stimarcaaii  itm  mac lum imm  fi imtair 

nawtKM.  nmi  mi/nc  or  iki  mlcw 
C    iArcTi  tra  KinaH  Cvin  vfio  Bt  laatL  m  Uamnim  »  rxcu 

mumamt  inman.t'A'Ml'n US  pm  tncnu  lamnaeia 
D    TW  o*C""*c  ca^cirr  or  entta  s/faitaf  <vmn  orafUHAftr 

t^aarnstomi  cap  Bt  raxitr  tapntptjmoti  laniia Ctirt  catrfm . 
f    Thi  ItHKKl  nttiliianne  umanotrmrtasrs  tliTairstaax 
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VI.    DETRRMIXATION  OF  OXVGKX  IN  WORKTXG 
CYANIDE  SOLUTIONS. 

The  older  methods  for  determining  oxygen  in  working 
cyanide  solutions  can  obviously  not  be  relied  upon  in  presence 
of  thiosulphates  or  sulphites,  and  require  a  supply  of  coal  gas 
for  reasonably  rapid  work.  The  following  colorimetric  method 
has  therefore  been  developed,  and  is  in  most  cases  sufficiently 
accurate   for  works  purposes. 

A  supply  of  nominal  250  c.c.  glass-stoppered  bottles,  which 
hold  almost  exactly  300  c.c.  when  the  stopper  is  inserted  in  the 
full  bottle,  is  required,  also  a  supply  of  pure  pyrogallic  acid 
(better  in  form  of  crystals),  some  "diamond  brown,"  caramel, 
or  other  suitable  brown  dye,  and  2N  sodium  hydrate. 

A  quantity  of  tap-water  is  well  shaken  in  a  half-empty 
Winchester  quart  bottle  till  saturated  with  air  and  the  tempera- 
ture read,  from  which  the  number  of  milligrams  of  oxygen  per 
litre  of  water  is  determined  bv  reference  to  table  below. 


Table  of  Solubilities  of  Oxygen  in  Water  (in  milligrammes 


per  litre). 


(Mercury 
Absolute  Pressures         mm.) 

(Inches.) 
Vacuum  Gauge,  J'burg.  (Ins. 

Tension  of 
Water        Tempera- 


495 

622 

650 

19-5 

24-5 

25-6 

5-0 

0 

Vapour. 
mm. 

6.5 
7.0 

7-5 

8.0 

8.6 

9.2 

9.8 
10.5 
II  .2 
II. 9 
12.7 


ture. 
°F. 

41 
43 
45 
46 
48 

50 
52 
54 
55 
57 
59 


8.0 
7.8 
7-7 
7-5 
7-3 
7-1 
6.9 
6.8 
6.6 

6.5 
6.3 


10. 16 

9-93 
9.72 

9-51 
9-30 
9.09 
8.89 
8.71 
8.52 

8.33 
8.14 


10.6 
10.4 
10.2 
9.9 
9-7 
9-5 
9-3 
9.1 

8.9 
8.7 
8.5 


roo 


^/  o 


II. 4 
II  .2 
10.9 
10.7 

10.5 
10.2 
10. o 

9.8 
9.6 

9.4 
9.2 


750     760 
29.5    29.9 


12.2 
12.0 

II. 7 

11-5 
II  .2 
II  .0 
10.7 
10.5 
10.3 
10. o 
9.8 


12.41 
12.14 
11.88 
II  .62 

11-37 
II .  II 
10.86 
10.64 
10.41 
10.18 
9-95 
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(Mercury 
Absolute  Pressures         mm.) 

(Inches) 
Vacuum  Gauge,  J  burg.  (Ins.) 

Tension  of 
Water        Tempera- 


495 
19-5 
5-0 


622 

24-5 
o 


650      700       750      760 
25.6     27.5     29.5     29. y 


Vapour, 
mm. 

13-5 
14-4 

15-4 
16.4 
17.4 

18.5 
19.7 
20.9 
22.2 
23.6 
25.0 
26.5 
28.1 
29.8 
31-5 


tnre. 
°F. 
61 

63 

64 
66 
68 
70 
72 
73 
75 
77 

79 
81 
82 
84 
86 


6.2 

7.98 

8.3 

9.0 

9.6 

9-75 

6.0 

7.82 

8.2 

8.8 

9.4 

9-55 

5-9 

7-65 

8.0 

8.6 

9.2 

9-35 

5-8 

7-49 

7-8 

8.4 

9.0 

9-15 

5-6 

7-35 

7-7 

8.3 

8.8 

8.98 

5-5 

y  .21 

7-5 

8.1 

8.7 

8.81 

5-4 

7.07 

7-4 

7-9 

8.5 

8.63 

5-3 

6.95 

7-3 

7.8 

8.4 

8.49 

5-2 

6.83 

7-1 

7-7 

8.2 

8.35 

5-1 

6.74 

7.0 

7.6 

8.1 

8.23 

5-0 

6.65 

6.9 

7-5 

8.0 

8.12 

4-9 

6.55 

6.9 

7-4 

7-9 

8.01 

4.9 

6.48 

6.8 

7-3 

7-8 

7.92 

4.8 

6.41 

6.7 

7.2 

7-7 

7-83 

4-7 

6.35 

6.6 

7-1 

7.6 

7.76 

Assume  then  that  7.0  mgm.  oxygen  per  Htre  is  the 
amount  so  ascertained,  but  the  correction  for  any  other  amount 
is  easy  and  obvious.  One  of  the  300  c.c.  bottles  is  then  filled 
with  this  water  and  0.120  grm.  of  pyro  is  dropped  into  it, 
followed  by  i  c.c.  of  the  2N  NaHO  from  a  burette  dipping  under 
the  liquid.  The  stopper  is  then  rapidly  inserted  in  such  a 
manner  as  to  include  no  air-bubble,  and  the  bottle  well  shaken. 
Two  or  three  litres  of  dye  solution  are  then  adjusted  to  match 
the  colour  developed  exactly,  when  compared  in  a  similar  bottle, 
distilled  water  being  used. 

A  set  of  standards  in  similar  bottles  is  then  prepared  by 
simple  dilution  of  the  dye  solution  to  represent  7,  6,  5,  4,  3,  2,  i 
and  y^  mgm.  oxygen  per  litre  respectively.  Such  standards  will 
keep  very  well  if  preserved  in  completely  filled  bottles  with 
paraffined  stoppers  and  kept  in  the  dark.  To  make 
the  determination  of  oxygen  contents  of  any  required 
solution,     one     of     the     300    c.c.     bottles     is     filled,     e.g.,     by 


dipping  slowly,  not  hy  pouring,  in  such  a  manner  as  to  avoid 
as  far  as  possible  any  air  disturbance,  and  the  stopper  plunged  in 
the  full  bottle  without  including  any  air-bubble.  When  ready 
for  the  dcterniination  the  stopper  is  carefully  withdrawn  to  lose 
no  solution,  and  0.120  grni.  of  pyro  ready  weighed  out  is  added, 
followed  by  i  c.c.  of  2N  NaHO.  and  the  stoj^per  rapidly  replaced 
without  including  any  air-bubble.  When  the  pyro  is  dissolved, 
which  takes  a  minute  or  two,  a  comparison  of  the  colour  is  made 
with  the  standard  set,  and  the  oxygen  content  is  thus  known. 
This  colour  slowly  fades,  but  lasts  long  enough  for  the  deter- 
mination. In  some  few  cases  a  purple  colour  first  develops, 
which  rapidly  changes  to  the  required  brown,  and  in  other  cases 
this  colour  is  much  more  permanent  (possibly  due  to  ferrous  or 
ferric  organic  complexes,  similar  to  ferro-tartrates),  but  a  fair 
result  can  even  then  be  secured  if  a  little  (say  ^  gram)  cyanide  of 
sodium  be  first  added.  If  sulphites  are  present  the  colour  fades 
a  little  more  rapidly,  but  the  results  are  still  good. 
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VII.     HYDROMETERS. 


V 


To  convert  degrees  Twaddell  into  specific  gravity  (Water 
=  i,ooo)  :  multiply  the  number  by  5  and  add  1,000  to  the 
product. 

To  reduce  specific  gravity  (Water  =  i. 000)  to  degrees 
Twaddell:  deduct  1,000  and  divide  the  remainder  by  5. 

Scale  of  Baume  Hydrometers  for  Heavy  Liquids. 

Baume.  Specific  Gravity. 

0° 1 .000 

5° 1-036 

10° 1.075 

15° 1. 116 

20° 1 .  161 

25° 1 .210 

30° 1-263 

35° I -321 

40° 1-385 

45° 1-454 

50° 1 .  532 

55° i-6i8 

60° I -714 

65° 1.823 

70° 1 .  946 

75° 2. 118 

To  convert  degrees  Baume  into  specific  gravity : — 

144 
=  specific  gravity. 


144  —  Baume  degrees. 
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\'III.    THREE-PLACE  LOGARITHMS. 


No. 

Lay. 

No. 

1 

Lay. 

No. 

Lay. 

0.05 

2.699 

i      (60 

0.204 

4-2 

0.623 

0. 10 

1  .CXXD 

[.65 

0.217 

4-4 

0.643 

0.15 

T.I76 

j      I  70 

0.230 

4.6 

0.663 

0.20 

T.3OI 

'     1-75 

0.243 

4-8 

0.681 

0.25 

T.398 

1.80 

0-255 

5-0 

0.699 

0.30 

1-477 

1.85 

0.267 

5-2 

0.716 

0-35 

1-544 

1      1-90 

0.279 

5-4 

0.732 

0.40 

1 .602 

1-95 

0.290 

5-6 

0.748 

0-45 

T.653 

2.00 

0.301 

5-8 

0.763 

0.50 

1.699 

6.0 

0.778 

0.  S5 

1.740 

6.2 

0.792 

T.778 
T.813 
T.845 
T.875 
1.903 

2. 1 

0.322 

6.4 

0.806 

0.65 
0.70 

0.75 
0.80 

2.2 

2-3 

2.4 

2.5 

0.342 
0 .  362 
0.380 
0.398 

6.6 
6.8 
7-0 
7.2 

0.820 
0.832 
0.845 
0.857 

0.85 

1.929 

2.6 

0.415 

7-4 

0.869 

0.90 

0-95 

"i'-954 
1.978 

2.7 
2.8 

0.431 
0.447 

7-6 
7.8 

0.881 
0.892 

1. 00 

0.000 

2.9 

0.462 

8.0 

0-903 

0.021 

3-0 

0.477 

1.05 

1. 10 

0.041 

3-1 

0.491 

8.4 

0.924 

I-I5 

0.061 

3-2 

0-505 

8.8 

0.944 

1 .20 

0.079 

3-3 

0.519 

9.2 

0.964 

1-25 

0.097 

3-4 

0-531 

9.6 

0.982 

1.30 

0. 114 

3-5 

0.544 

10. 0 

1. 000 

1-35 

0.130 

3-6 

0.556 

10.4 

1. 017 

1.40 

0. 146 

3-7 

0.568 

10.8 

1.033 

1.45 

0.  i6r 

3-8 

0.580 

II. 2 

1.049 

1.50 

0.J76 

3-9 

0.591 

II. 6 

1.064 

1-55 

0. 190 

4.0 

0.602 

12.0 

1.079 

For  the  rest,  add  i  to  the  log.  of  ^^  of  the  nuniher  as  given 
above;  e.g.,  for  14.5  the  log.  is  i  +  log.  (1.45)  =  1. 161 ;  for 
37.5  the  log  is  1.568+3^    (.580— .568)   =1.574- 
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IX.     PRACTICAL  ATOMIC  WEIGHTS. 


Aluminium 

Al 

27 

Mercury 

Hg 

200i 

Antimony 

Sb 

122 

Molybdenum 

Mo 

96 

Argon 

A 

40 

Neodymium 

Nd 

144 

Arsenic 

As 

75 

Neon 

Ne 

20 

Barium 

Ba 

137 

Nickel 

Ni 

58i 

Bismuth 

Bi 

208 

Niton 

Nt 

222 

Boron 

B 

II 

Nitrogen 

N 

14 

Bromine 

Br 

80 

Osmium 

Os 

191 

Cadmium 

Cd 

112 

Oxygen 

0 

16 

Caesium 

Cs 

133 

Palladium 

Pd 

107 

Calcium 

Ca 

40 

Phosphorus 

P 

31 

Carbon 

C 

12 

Platinum 

Pt 

195 

Cerium 

Ce 

140 

Potassium 

K 

39 

Chlorine 

CI 

35^ 

Praseodymium 

Pr 

141 

Chromium 

Cr 

52 

Radium 

Ra 

226 

Cobalt 

Co 

59 

Rhodium 

Rh 

103 

Columbium 

Rubidium 

Rb 

85i 

(Niobium) 

Cb 

93 

Ruthenium 

Ru 

lOI 

Copper 

Cu 

63i 

Samarium 

Sa 

150 

Dysprosium 

Dy 

162 

Scandium 

Sc 

45 

Erbium 

Er 

168 

Selenium 

Se 

79 

Europium 

Eu 

152 

Silicon 

Si 

281 

Fluorine 

F 

19 

Silver 

Ag 

108 

Gadolinium 

Gd 

157 

Sodium 

Na 

23 

Gallium 

Ga 

70 

Strontium 

Sr 

88 

Germanium 

Ge 

72 

Sulphur 

S 

32 

Glucinum 

Tantalum 

Ta 

181 

(Beryllium) 

Gl 

9 

Tellurium 

Te 

128 

Gold 

Au 

197 

Terbium 

Tb 

159 

Helium 

He 

4 

Thallium 

Tl 

204 

Holmium 

Ho 

163 

Thorium 

Th 

232 

Hydrogen 

H 

I 

Thulium 

Tm 

169 

Indium 

In 

115 

Tin 

Sn 

119 

Iodine 

I 

127 

Titanium 

Ti 

48 

Iridium 

Ir 

193 

Tungsten 

W 

184 

Iron 

Fe 

56 

Uranium 

U 

238 

Krypton 

Kr 

83 

Vanadium 

V 

51 

Lanthanum 

La 

139 

Xenon 

X 

130 

Lead 

Pb 

207 

Ytterbium 

Yb 

172 

Lithium 

Li 

7 

Yttrium 

Y 

89 

Lutecium 

Lu 

174 

Zinc 

Zn 

65i 

Magnesium 

Mg 

24^ 

Zirconium 

Zr 

91 

Manganese 

Mn 

55 
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X.    FULTON'S  SCALE  OF  TEMPERATURES  BY 
COLOUR. 

Description.  Degrees  C. 

Lowest  red  visible  in  the  dark 470 

Dark  blood  red  or  black  red 532 

Dark  red.  blood  red,  low  red 566 

Dark  cherry  red 635 

Cherry  red,   full  red 746 

Light  cherry,  light  red 843 

Orange 900 

Light  orange 941 

Yellow 1,000 

Light  yellow i  ,080 

White 1,205 


XL     TABLE  TO  CONVERT  DWTS.  AND  GRAINS  INTO 
DECIMALS  OF  AN  OUNCE. 

Grains.  Ounces.  Grains.  Ounces.  Grains.  Ounces.  Grains.  Ounces. 


I 

.002 

7 

.015 

13 

027 

19 

.040 

2 

.004 

8 

.017 

14 

029 

20 

.042 

3 

.006 

9 

.019 

15 

.031 

21 

.044 

4 

.008 

10 

.021 

16 

033 

22 

.046 

5 

.010 

II 

.023 

17 

035 

^2> 

.048 

6 

.012 

12 

.025 

18 

037 

24 

.05 

Dwts. 

Ounces. 

Dii'ts. 

Ounces. 

Dii'ts.   C 

)unccs. 

Dxi'ts. 

Ounci 

I 

•05 

6 

•3 

II 

•55 

16 

.8 

2 

.1 

7 

•35 

12 

.6 

17 

•85 

3 

•15 

8 

•4 

13 

•65 

18 

•9 

4 

.2 

9 

•45 

14 

•7 

19 

•95 

5 

•25 

10 

•5 

15 

•75 

20 

1 .0 

Example: — Express   14  dwts.   10  grains  as  decimals  of  an 
ounce. 

14  dwts.  =  .7  ounce. 
10  grains  =  .021     „ 


14  dwts.  10  grains  =  .721 
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XII.    TENSION  OF  AQUEOUS  VAPOUR  IN 
MILLIMETRES  OF  MERCURY  FROM  o°  TO  35°  C. 


°c. 

MM. 

°C. 

MM. 

°C. 

MM. 

0.0 

4,600 

12.0 

10.457 

24.0 

22. 184 

0.5 

4.767 

12.5 

10.804 

24-5 

22.858 

I.O 

4.940 

13.0 

1 1. 162 

25.0 

23-550 

1-5 

5. 118 

13-5 

11-530 

25-5 

24.261 

2.0 

5-302 

14.0 

11.908 

26.0 

24.988 

2.5 

5-491 

14-5 

12.298 

26.5 

25-738 

3-0 

5.687 

15.0 

12.699 

27.0 

26.505 

3-5 

5.889 

15-5 

13. 112 

27-5 

27.294 

4.0 

6.097 

16.0 

13-536 

28.0 

28. lOI 

4-5 

6.313 

16.5 

13.972 

28.5 

28.931 

5-0 

6-534 

17.0 

14.421 

29.0 

29 . 782 

5-5 

6.763 

17-5 

14.884 

29-5 

30.654 

6.0 

6.998 

18.0 

15-357 

30-0 

31-548 

6.5 

7.242 

18.5 

15.846 

30-5 

32-463 

7.0 

7.492 

19.0 

16.346 

31-0 

33-405 

7-5 

7-751 

19-5 

16.861 

31-5 

34-368 

8.0 

8.017 

20.0 

17-39^ 

32.0 

35-359 

8.5 

8.291  . 

20.5 

17-935 

32-5 

36.370 

9.0 

8.574 

21.0 

18.495 

33 -o 

37-410 

9-5 

8.865 

21.5 

19.069 

33-5 

38-473 

10. 0 

9-165 

22.0 

19.659 

34-0 

39-565 

10.5 

9-474 

22.5 

20.265 

34-5 

40 .  680 

II. 0 

9.792 

23.0 

20.888 

35-0 

41.826 

II. 5 

10.120 

23-5 

21.528 

Note. — For  the  medium  range  the  vapour-tension  is  given 
roughly  by — 

Log   V  =  0.7  +  0.027  T 

e.g.,  for  T  =  18°  C,  log  V  =  0.7  +  0.486 

==  1. 186,  whence  V  =  15.3. 
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XIII.    SPECIFIC  C.R. W'lTIES— ELEMENTS. 


Aluminium 
Cast  . 
Sheet. 

Antimony  . 

Arsenic    .  . 


Barium 

Bismutli 

Boron      

Bromine 

Cadmium 

Caesium 

Calcium 

Carbon : 

Diamond 

Graphite 

Chromium 

Cobalt     

Copper : 

Cast 

Sheet 

Wire 

Gallium 

Gold 

Indium . 

Iodine      

Iridium 

Iron : 

Pnre 

Cast  (Average)'. 

Wrought     (Av.) 

Lanthanum 

Lithium 


2.56 
2.67 
6.62 

5-73 
3-75 
9.80 

2.5 

3-1 

8.64 

1.9 

1-55 


3-5 
2-3 
6.5 
8.6 


19 
7 
4 

22 


6 

78 

9 

9 

3 

I 

95 
4 


7.86 

7-23 
7.78 
6.1 
0-53 


Lead : 

Cast ir  .36 

Sheet II  .4 

Magnesium 1.74 

Manganese      7.4 

Mercury  (at  0°  C.)  ..  13.6 

Molybdenum 8.6 

Nickel    8.9 

Osmium 22.5 

Palladium 11 .4 

Phosphorus : 

Red 2.2 

Yellow     1.8 

Platinum 21 .5 

Potassium 0.86 

Rhodium 12.4 

Rubidium 1.5 

Ruthenium ^-3 

Selenium 4.3 

Silicon    2.^ 

Silver 10.5 

Sodium 0.97 

Strontium 2.5 

Sulphur 2.05 

Tantalum 16.6 

Tellurium 6.2 

Thallium 11 .9 

Tin   (Cast)      y.^ 

Titanium 7.3 

Tungsten 19.0 

Cranium 18.7 

Vanadium 5.5 

Zinc    (Cast)    7.0 

Zirconium 4.1 
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XIV.     SPECIFIC  GRAVITIES  OF  LIQUIDS. 


Sulphuric  Acid  (99.9  per  cent.)      ...  1.838  at  15°  C. 

Nitric  Acid  (99.7  per  cent.) 1.520 

Hydrochloric  Acid  (39.1  per  cent.)   .  1.200 

Ammonia   (35.7  per  cent.)    .880 

Glycerine i .  260 

Vinegar i  .08 

Sea  Water i .  03 

Milk 1.03 

Water  (distilled)   (at  4°  C)     i.o 

Castor  Oil .97 

Linseed  Oil .92 

Benzene  (benzol) .899 

Turpentine .87 

Naphtha .85 

Methylated  Spirits     .83 

Alcohol   (Ethyl)    (at   17°   C.) 792 

Ether .716 

Petrol .68— .72 
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XV.  MELTING  POINTS. 

Centigrade  Degrees. 

Aluminium 657 

Antimony 630 

Bismuth      269 

Bromine      minus         7.3     (B.P.  63) 

Cadmium 321 

Calcium    780 

Chromium 1.490 

Cobalt     1,490 

Copper 1,083 

Gold 1,062 

Iridium 2,290 

Iron      1,504 

Lead 327 

Lithium 186 

Magnesium 633 

Manganese 1,208 

Mercury     minus       38.8     (B.P.  356.7) 

Nickel 1.452 

Osmium 2,200 

Palladium i549 

Phosphorus 44.1      (B.P.  2S/) 

Platinum 1.731 

Potassium 62 . 5 

Rhodium 1.907 

Silver 960 

Sodium 97 

Sulphur 115          (B.P.  444.5) 

Tantalum 2.910 

Tin 232 

Titanium 2,500 

Tungsten 3,000   (approx.) 

Vanadium 1,620 

Zinc 418 
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XVI.    WEIGHTS  AND  MEASURES. 

I  Long  Ton      =2,240    lbs.  =  32,666.7  ozs.  Troy  =  1 5,680,000 grs.* 

I   Short  Ton      =2,000    lbs.  =  29,166      ozs.  Troy  =  14,000,000 grs.* 

I   lb.  Troy         =  5.760  grs.* 

I  lb.  Avoir.        =7,000  grains*^  14-58  Troy  ounces. 

I  oz.  Troy.  =31.104  grammes  =  480  grains         =1.097  oz.  Avoir. 

I  oz.  Avoir.  =  28 . 367  grammes  =437.5  grains     =  .911  oz.  Troy. 

I  Gramme    =  15.43235  grains    =  .0321  oz.  Troy  =    .0352  oz.  Avoir. 

I  Gallon  of  Water  =  10  lbs.        =  8  pints=  160  fl.  oz.  =  4. 543 Litres 

T   Litre  =  1.76  pints  =  35  fluid  ozs.  =  1,000  c.c. 

I  fluid  oz.  =28.3  c.c.     =  I  oz.  Avoir,  of  Water. 

To  convert  Yards  to  metres  X       -91438 

Cubic  Inches  to  Litres  X        01638 

Grains  to  Grammes  X       -06479 

To  convert  Metres  to  Yards  X     1.09364 
Litres  to  Gallons   X       .2201 
Litres  to  Cubic  Inches  X  61.028 
Cubic  Inches  to  Pints   X      .028848 
Cubic  Inches  to  Gallons   X      .003606 
Cubic  Inches  to  Cubic  Feet  X      -0005787 
Cubic  Feet  to  Gallons  X      -6232 
lbs.  Troy  to  lbs.   Avoir.  X      .822857 
lbs.  Avoir,  to  lbs.  Troy   X    I-215 
Cubic  feet  to  cubic  metres  X  0.02832 


XVn.  STRENGTH  OF  COMMON  REAGENTS. 

Cone.  H2SO4  is 36  times  normal. 

Strongest  HNO3  is 24       „           ,, 

HNO3  of  1.43  s.g.  is 16       „           „ 

Strongest  HCl  is 11       „           „ 

HCl  of   1. 16  s.g.  is 10       „           ,, 

Strongest  Ammonia  is 19       „           „ 

Ammonia  of  0.965  s.g.  is 5       ,,           „ 

Caustic  Soda  or  Potash  of  1.043  s-g-  is-..  normal 

Glacial  Acetic  Acid  is 17  times  normal. 

Saturated  H,S  Water  is     N/5 

Saturated   Br    Water  is N/2 

Saturated  Calcium  Sulphate  is N/30 

Saturated  Lime  Water  is N/20 

Saturated  Ammonium  Oxalate  is     N/2 

The    grain    is    the    same    in    Avoirdupois,  Troy,    end  Apothecaries 
measures. 


Will.    CI.ASSIFKATIOX  AND  ITS  RI-:  AKIXC  OX  R  AXI) 
METALLURGICAL  PRACTICE. 


Elutriation  in  its  restricted  sense  is  the  act  of  mixing 
pulverulent  matter  with  water  in  order  to  float  oflF  the  lighter 
constituents,  and  is  applied  in  local  practice  to  the  laboratory 
determination  of  the  proportions  of  clay  and  fine  sand  in  slimes 
samples  or  the  efficiency  of  the  separation  in  sand  collectors.  In 
its  wider  aspect  it  covers  the  whole  field  of  classification  methods 
used  on  the  Rand,  which  arc  all  based  on  free-settling  con- 
ditions. The  conditions  affecting  free  settling  are  si)ecific 
gravity,  size  and  shape  of  constituent  particles.  The  ratio  of 
liquid  to  solids  and  velocity  of  flow  as  affecting  rising  currents 
are  the  adjustable  factors  determining  resultant  products.  In 
slime  settlement  the  coagulating  effect  of  the  electrolyte,  tempera- 
ture and  ratio  of  liquid  to  solid  determine  the  rate  of  settle- 
ment. 

Classification  is  now  so  much  in  general  use  in  the  metal- 
lurgical practice  of  the  Witwatersrand  that  one  is  apt  to  take  it 
for  granted.  In  local  metallurgical  processes  the  function  of  the 
method  is  to  classify  the  constituents  of  an  ore  into  the  most 
suitable  products  as  required  for  the  economic  recovery  of  its 
valuable  contents.  In  its  practical  application  to  the  banket  ore 
of  the  Rand  it  automatically  enters  the  field  of  concentration. 

Mr.  W.  Bettel,  in  his  presidential  address  to  the  members 
of  the  Chemical  and  Metallurgical  Society  of  South  Africa,  May 
19th,  1894,  stated,  inter  alia: — 

"  From  my  own  figures,  the  difference  between  the  pulp 
entering  the  spitzlutten,  and  the  total  sands  and  slimes  pass- 
ing away — either  into  dams  for  future  treatment,  or  into 
sluits  as  worthless  material — is  under  y^  dwt.  The  rliffer- 
ence  between  the  sands  treated  and  the  waste  is  only  ^4  dwt. 
gold  per  ton  of  dry  material.  This  is  generally  the 
experience  (in  dams)  on  the  Rand,  although  in  some  mines 
the  slimes  are  richer  than  the  tailings.  Sand  in  ordinary 
tailings  dams  are  usually  about  3^  to  ^  dwt.  richer  than 
the  slime  which  is  lost  by  flowing  into  water  reservoirs  with 
excess  of  water." 
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For  the  purpose  of  comparison  with  the  above  statement 
the  following  tabulation  is  given,  showing  actual  figures  from  a 
number  of  Witwatersrand  Mines  in  the  year  1920: — 


Example. 

Sand,  dwts. 
per  ton. 

Slime,  dwts. 
per  ton. 

Difference  in  Value, 
dwts.  per  ton. 

I. 

3.12 

2.08 

I  .04 

2. 

3-44 

2.23 

1,21 

3. 

2.56 

1-55 

1. 01 

4- 

3-39 

1.77 

I  .62 

5- 

6.65 

4.49 

2.14 

6. 

4.46 

2.94 

1.52 

7- 

3-09 

1.76 

1-33 

8. 

2.80 

1.50 

1.30 

9- 

3.01 

1 .69 

1.32 

That  there  are  possibilities  of  its  extension  is  indicated  by 
the  results  given  on  next  page,  which  were  obtained  recently  when 
carrying  out  some  large  scale  experiments  on  a  running  plant 
operating  on  banket  ore. 

The  discovery  of  the  practicability  of  profitably  treating 
the  slime  resulting  in  milling  banket  ore  is  one  of  the  principal 
milestones  in  the  history  of  local  practice,  and  may  be  looked 
upon  as  the  starting-point  from  which  arose  the  various  systems 
of  slime  treatment  now  operating  in  this  district.  The  gradual 
perfecting  of  the  decantation  process  to  the  strong  position  it 
now  occupies  in  the  economic  treatment  of  low-grade  slime  is 
partly  due  to  the  realisation  of  the  bearing  which  classification  has 
on  the  subject,  and  the  good  results  which  made  the  success  of 
the  former  are  very  largely  the  measure  of  the  successful  applica- 
tion of  the  latter.  From  being  a  minor  detail  in  the  treatment 
of  ore  by  the  cyanide  process,  classification  has  been 
raised  to  a  position  of  considerable  importance.  Its 
effect  on  the  treatment  of  sand  is  no  less  important  than 
on  slime,  and  there  are  few  plants  operating  here  to-day  on 
which  during  recent  years  the  routine  has  not  been  modified — 
and  economic  advantage  obtained  thereby — as  the  direct  result 
of  extending  and  improving  the  methods  of  classification.     An 
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outstanding  example  in  point  is  the  case  of  an  important  mine 
on  the  East  Rand  where  an  extension  of  milHng  operations  took 
the  form  of  an  entirely  new  reduction  plant.  In  this  instance 
the  successful  application  of  the  principle  in  question  was 
the  main  factor  in  deciding  the  system  for  the  sand  treatment. 
The  result  has  been  to  establish  the  successful  resuscitation  of 
single  treatment,  with  its  elimination  of  the  expenses  of  transfer- 
ring the  sand  charges  from  the  collecting  tanks.  The  plant  in 
question  has  been  in  continuous  operation  for  the  past  three 
and  a  half  years,  and  nothing  has  transpired,  either  in  the  shape 
of  unsatisfactory  residual  values  or  difficulties  of  manipulation, 
to  cast  a  doubt  on  the  merits  of  the  system. 

Although,  as  indicated  above,  the  future  of  classification  is 
governed  by  circumstances  that  are  not  always  controllable,  that 
its  careful  consideration  is  worth  the  attention  of  all  metallurgical 
operators  is  shown  by  the  example  quoted. 

As  practised  here,  it  has  the  attractive  qualities  of 
simplicity  and  low  cost  per  ton  of  ore  treated ;  it  starts  at 
the  crusher  station  with  the  separation  of  the  slimy  coating 
which,  if  not  removed,  would  prevent  the  satisfactory  sorting  of 
waste.  It  is  gradually  extending,  and  in  crusher  stations  the 
principle  is  now  being  applied  towards  removing  such  portion  of 
the  run-of-mine  ore  as  can  profitably  by-pass  the  stamp  mills  for 
the  tube  mills  direct.  Its  application  takes  the  form  of  washing 
by  means  of  water  sprays,  the  ore  passing  on  belts,  grizzles, 
trommels,  etc.,  a  more  recent  development  being  stationary 
perforated  iron  trays  set  at  suitable  angles  and  operating  as 
gravity   planes. 

The  latter  method  has  proved  effective,  and  is  probably 
the  most  economical  method  of  operating,  but  its  application  is 
restricted  by  the  fact  that  it  requires  more  head  room  than 
mechanically  operated  devices. 

Its  simplicity  of  operations  and  exceptionally  low  main- 
tenance cost  per  ton  of  ore  handled  should,  however,  recommend 
it  to  the  consideration  of  designers  of  future  installations.  In 
the  newer  plants  the  by-passed  products  of  the  crusher  station 
are  next  dealt  with  by  spitzkasten  or  cones ;  in  some  cases  the 
overflows  of  these  gravitate  direct  to  the  slime  plants,  in  others 
the  overflows  merely  by-pass  the  amalgamation  department,  and 
join   the   main    pulp    stream    to   the   pumps.     The    former   case 
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carries  the  advantage  of  the  saving  of  pumping  ooiisiderable 
quantities  of  slime  and  water  and  fewer  classifying  cones  to 
deal  with  the  pulp.  In  the  minds  of  works  operators,  however, 
these  advantages  are  less  striking  than  the  beneficial  influence 
which  the  system  has  in  stabilising  or  steadying  the  volume  of 
pulp  in  circuit.  Where  the  run-of-minc  ore  goes  uncontrolled 
from  the  crusher  station  through  the  mills  it  causes  violent 
fluctuations  both  in  the  volume  and  water-to-ore  ratio  of  the  pulp 
passing  through  the  classification  system,  and  makes  imprac- 
ticable the  fine  adjustment  of  the  cones.  The  result  is  a  lack  of 
control  of  the  line  of  demarcation  for  the  most  suitable  division 
of  products  for  separate  treatment,  the  bad  elTect  of  this  being 
invariably  reflected  in  the  values  of  the  residues. 

The  method  most  generally  in  use  for  classifying  and 
regulating  the  product  entering  the  tube  mills  for  finer  grinding 
is  by  means  of  large  cones  fitted  with  diaphragms.  Much 
attention  and  ingenuity  has  been  expended  in  designing 
apparatus  for  the  automatic  control  of  the  discharge  nozzles  of 
these  cones.  They  usually  take  the  form  of  conical  plugs  which 
are  caused  to  open  or  close  the  discharge  aperture  of  the  cone 
through  the  medium  of  counterpoises  which  are  adjusted  so  as 
to  operate  when  the  velocity  of  the  outflowing  pulp  exceeds  a 
predetermined  rate.  When  properly  adjusted  they  function  well 
on  pulp  which  has  passed  a  screen  aperture  not  exceeding  9 
mesh;  above  this  size  of  mesh  aperture  they  have  not  hitherto 
proved  reliable. 

From  the  tubes  the  pulp  passes  over  amalgamated  copper 
plates,  and  is  then  elevated  to  a  set  of  cones  whose  function  is 
to  return  any  over-sized  product  to  the  tube  mills.  These  cones 
vary  in  size,  angle,  feeding  arrangements,  etc.,  and 
also  in  that  they  sometimes  work  as  hydraulic  classifiers,  and 
at  others  as  plain  gravity  cones.  In  all  cases  the  overflows, 
known  as  final  pulp,  pass  on  to  the  sand  and  slime  separators. 
These  usually  consist  of  a  set  of  cones  larger  in  size  than 
the  ones  just  referred  to,  and  are  generally  fitted  with  hydraulic 
devices,  quietening  rings  and  underflow  regulators.  The  final 
division  of  the  products  prior  to  cyaniding  takes  place  at  this 
point,  and  the  thoroughness  with  which  this  is  done  has  an 
important  bearing  on  the  ultimate  extraction. 

In  some  cases  the  system  adopted  involves  the  use  of  two 
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cones,  one  above  the  other.  The  underflow  of  the  top  cone 
drops  into  the  feed  pipe  of  the  one  below,  the  underflow  of 
which  goes  direct  to  the  sand  plant ;  the  overflow  of  both  going 
to  the  slime  section,  usually  through  a  series  of  smaller  cones 
functioning  as  sand  traps.  In  this  system  the  top  cones  are 
fitted  with  diaphragms  or  other  devices  which  partially  de-water 
the  pulp  going  to  the  lower  cones,  where  some  form  of  hindered 
settlement,  usually  ascending  water  columns  or  sprays,  complete 
the  elutriation  of  the  slime  contents. 

Cones,  either  singly  or  in  series  as  described  above,  are 
now  in  general  use  for  this  purpose,  and  various  hydraulic 
devices  are  utilised  to  facilitate  the  classification.  The  feed  is 
introduced  to  the  cone  through  a  vertical  pipe  extending  below 
the  plane  of  the  top  of  the  cone.  Surrounding  the  feed  pipe  is 
a  ring  shield  extending  about  two  feet  below  the  water  level.  The 
method  of  feed  introduction  is  a  very  important  factor  in  the 
efficiency,  and  usually  the  best  one  applicable  to  any  particular 
case  can  best  be  determined  by  experimenting  on  the  spot. 

Dilution,  size  and  shape  of  grains,  velocity  of  pulp  stream, 
and  air  contents  are  constantly  varying  in  their  relationship  to 
each  other,  and  close  observation  is  necessary  to  enable  the 
operator  to  design  a  method  which  will  make  the  best  of  these 
variants.  The  behaviour  of  solid  bodies  falling  through  an 
ascending  column  of  water  still  offers  a  great  field  for  further 
investigation,  but  the  governing  factor  is  that  the  underflow  is 
a  pulp  consisting  of  particles  which  fall  at  approximately  the 
same  rate  through  water,  but  usually  are  of  widely  varying  sizes. 
The  simple  application  of  this  fact  is  responsible  for  a  great 
variety  of  apparatus   designed  to   facilitate  its  utilisation. 

Formulae  are  seldom  of  much  practical  assistance  when 
applied  to  the  problem  of  classification.  Simple  methods  of  trial 
and  error,  checked  and  reviewed  by  periodical  repetition,  have 
proved  more  satisfactory.  In  addition  to  which,  they  inspire 
interest  and  confidence  in  the  minds  of  the  operators,  and  result 
in  the  establishment  of  the  spirit  of  emulation  and  pride  in  the 
daily  work  which  makes  for  reliability. 

On  the  next  page  are  a  few  examples  of  results  obtained. 

As  compared  with  ores  elsewhere,  the  pulp  resulting  from 
the  milling  of  conglomerate  rock  of  the  Witwatersrand  is  easy 
to  classify,  more  apparatus  and  a  much  greater  degree  of  refine- 
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ment  being  required  where  clay  is  a  prominent  constituent. 
Although  by  no  means  entirely  al)seiit  here,  it  is  seldom  present 
in  sufficient  quantities  to  affect  metallurgical  operations  seriously. 
An  even  more  objectionable  constituent  is  silicate  of  magnesia,  a 
very  small  cjuantity  of  which  will  adversely  affect  leaching  condi- 
tions. It  recently  became  necessary  to  investigate  the  reason  for 
poor  percolation  on  one  of  the  operating  plants.  The  grading 
analysis  of  the  sand  was  found  to  compare  favourably  with 
those  obtaining  elsewhere  where  the  leaching  rates  were  entirely 
satisfactory.  The  filter  beds  proved  to  be  in  good  condition, 
and  there  was  no  obvious  reason  for  the  state  of  afTairs.  Sub- 
sequently the  trouble  was  traced  to  the  presence  of  a  com- 
paratively small  (juantity  of  the  above  compound,  and  special 
attention  to  the  system  proved  to  be  the  remedy. 

To  summarise  the  effect  of  classification  on  local  practice  it 
may  be  held  responsible  for : — 

(I)   Considerable  changes  of  technique. 
(II)   Greatly  improved   conditions   of    leaching    of    sand, 
resulting  in 
(III)   Better  extractions,  i.e.,  lower  residual  values. 

Its  influence,  viewed  in  the  light  of  present-day  knowledge 
of  the  importance  of  fine  grinding,  can  hardly  be  overestimated. 
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Edward  L.  Bateman, 

ruining,  Smelfing,  ^  power  rf\achinery  of  all  kinds 

ASSAY    OFFICE    SPECIALITIES. 

GATES   Style   "F"    CRUSHER    for  crushing   samples. 
GATES   Style   "B"    GRINDER   for    grinding    samples. 

These  two  machines  are  specially  designed   for  quick  cleaning,    and 
will  stand  continuous  work      Full  line  of  SPAKK    PARTS  stocked 

locally. 


The  Corner  House,  Johannesburg. 

'Phone    1308.  PC.    Box    1671. 


South  African  Manufacture,  from  Sou t ft  African  Produce. 

WILLIAMS  &  Co. 

Established  1906. 

Cupclitc   Powder,  Slag    Absorbent, 

Cupelite   Cupels,  Venus  Metal  Polish, 

Calcined  and   Double   Calcined  Magnesitc. 

The  Cupels  are  marked  ace  uding  to   Lead  absorptioi  in  j^rammes. 


Ofuck  AM)  Works  : 

24,  Miller  Street,  New  Doornfontein,  Johdnnesburg. 

'Phone  171   Jeppe  PO.   Box  J5J4,  Johannesburg,'. 


Contractor  to  the  Chamber  of  .Mines,  Kand   Mines,   Barnato,  Albu,  Consolidated 
Goldfields  and  CMS.  Groups  of  Mines,  etc. 

P.O.  Box  5598  '  Phone  5191. 

A.  F.  H.  DEVERS, 

Scientific  Instrument  Maker  and  Electrical  Engineer, 

WOUKSHOP : 

16=17,    Exchange    Buildings,   Market   St.,   Johannesburg. 

(dPPOSITK   TOWN    H.\I.L.) 


Assay  and  Chemical  Balances  and  Weights  a  Speciality. 
Repairs  to  Electrical  Instruments,  Microscopes,  Dumpy 
Levels,  and  all  Mathematical  and  Surgical  Instruments,  etc 

SOLE  MA.KEK  ofthk(ijkvJr8)CIKCUI.AK    KONIiMETKR 

as  used  by  the  Chamber  of  Mines,  and  supplied  to  the  Australasian  and  .Vmerican 
Governments.  Also  Maker  of  the  Watkins  Pitchford   Batch  Inoculator. 


Newcastle  Smelting  Goal. 
First  Grade  Natal  Coke- 
Best  Natal  Smithy  Coal. 


DIRECT    FROM   COLLIERIES  OR  EX  DEPOTS. 
IMMEDIATE    DELIVERY    GUARANTEED. 


General  Coal  Agency, 

7,    Standard    Bank    Chambers, 

Johannesburg. 

Telephones  5247,  5248,  5249  P.O.  Box  2583. 


PHOTOGRAPHS    AND     PHOTOSTATS 
used   in  this   bool<   were  taken    and    made   by 


M.   Edward, 


Mechanical    and    Commercial    Photographer, 
General  Motors  House,  Loveday  and  Marshall  Streets,  Johannesburg. 

'Phone    4520. 


BLOCKS    WERE     MADE     BY 

Electric  Process  Engraving  Co., 

Specialists  in    Half-tone,  Line  and   Colour  Work, 
Kerk  and   Simmonds   Streets,  Johannesburg.  'Phone  3580. 


Ill 


TO  ASSURE  PERFECr  REGULARIIY 
of  results  in  cupcllation  over  considerable  ranges 
of  temperature,  and  to  obtain  a  remarkable 
resistance  to  the  action  of  other  oxides  besides 
lead  oxide, 

THE 

MABOR 

BRAND    OF 


(FUSION    TYPE) 

IS     UrSIEOUALLEO 


Special  points  which  have  built  up  the  reputation  of  Mabor  Cupels 
are — 

GREAT    STRENGTH.  DO    NOT    BREAK. 

NON-SUSCKPTIBILITV    TO    ATMOSPHERIC    CHANGES. 

SMALL  &    U.VIFOR.MLV  COXST.ANT    CUPEI  L.ATIOX    LOSSES 

ENTIRE    FREEDOM    FROM    SPIRTING    OF    LEAD. 

FREEDOM    FROM    CR.ACKING   AND    PITTING. 

EASE    IN    REMOVING   THE    MIXUTEisT   BEADS. 

PERFECT    UNIFORMITY   OF   QUALITY. 

REDUCED   TENDENCY    TO    "FREEZE" 


A  wtll-ktitnvn  South  African  Assaytr  writes  :  "  I  am  able  to  conj^ratulate  you 
on  the  production  of  a  Cupel  wliich,  up  to  the  presmt,  is  far  superior  in  all  its 
qualities  to  any  other  on  the  market." 

Another  urttfs :  "I  c.innot  understand  why  an  Assayer  makes  his  own  Cupels 
when  it  is  possible  to  purchase  an  article  so  greatly  superior  to  his  '  home- 
made '  product,  and  which  practically  frees  his  mind  from  worry  as  to  the 
accuracy  of  his  results  at  a  very  little  extra  cost." 


LAROP:    STOCK.S    OF    ALL   STANDARD  8IZK8   OF  "MABOR"    FUSION    CUPELS 

AND    OF   "MABOK"   ASSAY   MATERIAL  ALWAYS   ON   HAND   BY    THE 

SOLE    SOUTH    .\FiaC\N   AGENTS 

ASSOCIATED  ENGINEERS  Co.,  Ltd., 

Box  5291.  13.    LOVEDAY    STREET,  Phones  4171-2 

JOHANNESBURG. 


Consolidated  Rand  Brick, 
Pottery,  and  Lime  Company,  Ltd. 

P.O.  Box  609. 

Telegraphic  Address;     "  INDUSTRY,  Johannesburg  " 

Managing    Director:     T.  W.  CULLINAN. 

'Phone  1232. 


CRUCIBLES^  LINERS^  FIRE-CLAY  SLABS 

AND 

FIRE-CLAY    SPECIALS    OF    ALL 
DESCRIPTIONS. 

Quality  and  prices  second  to  none. 


Also  Manufacturers  of:  — 

BUILDING  BRICKS,  SALT  -  GLAZED  BRICKS,  KLOMPJE 

BRICKS,  FLOOR  QUARRIES  and    ROOFING  TILES. 


SEWAGE    AND    IRRIGATION    PIPES    AND 
FITTINGS    IN    ALL    SIZES. 


For  samples  and  further  particulars  apply  to  Offices 

Nos.    40=44,    CULLINAN    BUILDINGS, 
Corner  Main  and  SimmondsSts.,  Johannesburg. 


We  Supply   Everything 
Required   in   the   Laboratory. 


Oertling's  and    Beckers    Balances  and    Weights, 

Microscopes,   Chemically   Pure    Reagents, 

Chemical   and    Physical   Apparatus, 

I'iller    Pa})ers,   (  tc. 

Laboraiory   Glassicarc  of   Every  Description. 


ASSAY    AND    SMELTING    REQUISITES. 

We   Carry   Complete   Stocks. 


Agents  for: — 

BRAIN'S     LABORATORY     CRUSHERS     AND 
PULVERISERS. 

"Fox     Brand"     ASSAY     LITHARGE. 

MORGAN     CRUCIBLE     CO.,     Etc. 


P.O.   Boxes  68  and   644.  'Phones  7.  8  and   9. 

MACDONALD,  ADAMS  &  CO.,  LTD., 

CHEMISTS, 
JOHANNESBURG. 

Telegraphic  and   Cable  Address:     "CRUCIBLE." 


Vi- 


s6\  Uurgw  /fow£/V,  clfcd/., 


Southern  Life  Buildings,  JOHANNESBURG. 

Phone  2274.    P.O.  Box  2933. 

ALSO    AT 

Boksborg,  Benoni.  Brakpan,  Springs  aod  Standerton, 


specialise    in 


Chemicals,     Drugs 

and 

Analytical    Reagents. 


Quality, 

Prompt   Delivery   and   moderate  prices 

guaranteed. 
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BOKSBURG  BRICK  and  FIRE 
CUT  COMPINT,  LTD. 

MaM  lACTlKKUS    OF 

Fireclay  Goods  of  all  Descriptions. 


Contractors  to  the  Union  Government,  Royal  Mint, 
Rand  Refinery,  Ltd.,  Victoria  Falls  Power  Co  ,  Ltd. 
(all  iheir  Power  Stations),  and  all  the  Municipalities, 
Gold  Mines,  Collieries,  Sugar  PIstates,  Foundries, 
etc.,  througliout  South    Africa. 


Special  Note  to  Assaycrs. 

If  you  specify  "  Boksburg  "  Crucibles,  you  get  the 
best,  by  using  only  our  Fire- Bricks,  Fireclay  Slabs, 
and  Fireclay  in  your  Furnaces,  you  will  get  the 
most  efihcient  service. 


Illustrated  Sket  o(  HaBufactures  will  be  gladly  sent 
Oil  Application. 


Address : 

60,  61    and  62,  Exploration   Buildings, 

P.O.  Box  5122.     Telegrams:   "Porcelain."     Phone  555  Central. 

JOHANNESBURG. 


The  Hush  Pulverizer 

FOR  ASSAY   OFFICE   USE. 


-S-gr^l^P^r 


A  Machine  that  will  reduce  your  maintenance  expenses 
seventy  per  centum  and  give  perfect  satisfaction 
all  the  time. 

A  well-known  Rand  Assay er  ivrites  : — 

"  I  have  pleasure  in  testifying  to  the 
efficienc}'  of  the  "  HUSH  PULVERIZER." 
It  produces  a  very  fine  product  at  the 
rate  of  about  eighty  samples  per  hour. 
Owing  to  the  scheme  for  adjusting  the  plates 
(discs)  the  wearing  parts  last  considerably 
longer  than  in  other  pulverizers  of  this  type  " 

These  Machines  have  now  been  considerably  reduced  in  price. 

Prices  and  catalogue  free  on  application  to  the  manufacturer, 

Ralph    Hush, 

Box    4219^     JOHANNESBURG^ 

SOUTH     AFRICA. 


Townshend,  Taylor  S  Snashall 

(so    well  known    as    7.,  T.  &  Sj 

offer  the  advantage  of  their 
half-century's  experience  in  the 
trade  to  all  needing  Printing, 
Lithography  or  Bookbinding. 

No  job  too  large, 
None    too    small, 

To  receive  their  personal  and 
prompt  attention. 


T.,  T.  81  S.,  Cape  Town. 

Box  49.  Telegrams:   "  Townshend,'   Cape  Town. 


Phones  2274  &  1066. 


Box  2933. 


B.   OWEN    JONES,   Ltd. 


Branches  at  : 
BOKSBURG, 
BENONI, 
VAN  RYN, 
KNIGHTS. 
Etc. 


Wholesale  and  Retail  Chemists, 
1,  Southern  Life  Buildings, 
JOHANNESBURG.  


THE  HOUSE  FOR  QUALITY  AND  VALUE. 

SUPPLIERS  OF  ALL  MINING  CHEMICALS, 
ASSAYING      REQUISITES.       DRUGS,       Etc. 


SOLE     DRBU         TOR  3 
^*^\    FOR    JOHANNESBURG  AND    REEF  OF 

PYREX 
CHEMICAL   WARE 

THE     FINEST     LABORATORY 
GLASS  KNOWN  TO  SCIENCE. 


BEING  A  LOW  EXPANSION 
BOROSILICATE  GLASS,  UN- 
SURPASSED FOR  STABILITY, 
RESISTANCE  TO  SUDDEN 
COOLING,  HARDNESS, 
STRENGTH     &     DURABILITY. 


Beakers, 
Erlenmeyer 
Flasks,  Marked 
Stoppered  Flasks, 
Florence  Flasks. 


Phillips  Beakers, 
Test  Tubes, 
Griffin  Beakers, 
Etc.,  Etc. 

ComprehenslYe 
Stocks  on  Hand. 


TowNSHEND,  Taylor  &  Snashall,  Printers. 
1924. 


ir 


TN 
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Moir,    James    (ed.) 

A  text-book  of  Rand  assay 
practice 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 
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